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be put into a porcelain tube; which is to be placed horizontally 


in a furnace, and, when red-hot, the vapour of water is to be 
driven over it. The gas that is produced, however, is a mix- 
ture of carbonic acid, carbureted hydrogen, and a solution 
of zinc in hydrogen gas, which has been called hydroxincic 
gas. The zinc is deposited on the surface of the water, over 
which this gas is kept; but if burned when recently prepared, 
the gas exhibits, in consequence of this impregnation, a 
distinctly blue flame. 

The solution of zinc in sulphuric acid, when evaporated 
to a due degree of density, shouts into regular crystals, the 
primary form of whichis a right rhombic prism. (See Mr. 
Brooke’s fig. Ann. of Phil. N.S. vi. 437.) This salt is soluble in 
21 parts of water ; and the zinc is not precipitated by any other 
metal. If the solution be too much concentrated by evapo- 
ration, it deposits, while still hot, an opake crust on the bottom 
of the vessel, which is less soluble than the crystals, and is in 
fact the same as the white vitriol of the Germans. (Thomson, 
i, 59, and ii. 353.) Both salts agree in taste, and redden 
vegetable’ blues. ‘The ear formed from a cold solution 
consist of 

Sulphuric avid BUa8. oh Or 1 atom = 40° 
Oxide of zinc. 28.96 .... or 1 atom ='42 
Water ...... 43.46. .... or 7 atoms = 63 


100. Weight of its atom 145 
The deposit from a hot solution (white vitriol) consists of 
Sulphuric acid 36.7 .... or 1 atom = 40 
' Oxide of zinc. 38.54 .... or 1 atom = 42 
iW ater iiivcniol SU 7G 420. orl S: atoms S) OF 


eee 


100. Weight of its atom 109 

Nitrate of Zinc.—Nitric acid, moderately strong, acts on 
zinc with great violence. ‘The solution, by evaporation, crys= 
tallizes in four-sided prisms, which deliquesce with great 
rapidity. They consist of 1 atom of acid, 1 of bast, and 6 of | 
water. : 
Muriate of Zinc.—-Muriatic acid, a little diluted, acts on 
zinc, and evolves hydrogen gas of great purity. ‘The solution 
is clear, but cannot, by evaporation, be brought to crystallize. 

VOL. IT. Co 
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When rapidly evaporated, the muriatic solution yields a thick 
extract, which has somewhat of the viscidity of bird-lime. 
This, if still more heated, becomes chloride of zinc. | 
Muriate of zinc in strong solution deposits oxide of zinc 
on adding water, and on being filtered and further diluted, 
more oxide separates. Weak solutions, when concentrated 
by evaporation, dissolve the oxide, which will precipitate again 
on dilution. . The solution is always slightly acid, and 
ammonia, when added, does not render it neutral, until all the 
oxide of zinc is precipitated. (Quart. Journ. vi. 159.) | 
Phosphate of xinc may be obtained either by the direct 
action of dilute phosphoric acid on zinc, or by decomposing 
sulphate of zinc with .phosphate of soda, which throws down 
an insoluble salt in the form of a white powder. When dried 
in the open air, it is white, tasteless, and insoluble, and does 
not alter vegetable blues. It consists of 1 atom of base, I 
atom of acid, and 2 atoms of water. Dr.’ Thomson ‘formed 

also a biphosphate of zinc, composed of 1 atom of base, 2 
atoms of acid, and 4 atoms of water. 

Carbonate of zinc is precipitated by carbonate of potassa from 
sulphate of zinc. After being well washed, and dried in the 
open air without artificial heat, it consists, according. to 
Thomson, of 

Carbonic acid 26.83 .... or 1 atom’ = 22 
Oxide of zinc 51.22 .... or 1 atom = 42 
Water ...... 21.95 .... or 2 atoms = 18 


escenario SSS 


160. Weight of itsatom 82 


It is difficult, however, to obtain it. with exactly the due 
proportion of water. If dried at 212° it is anhydrous. Car- 
bonate of zinc constitutes, also, the principal part of the 
mineral called calamine, which occurs either anhydrous and 


_ erystallized, or amorphous, and most commonly stalactitical, 


“in which state each atom of the carbonate is united with an 
atom of water. 
Ferro-cyanate of zinc appears as a yellowish white precipi- 
tate on adding ferro-cyanate of potassa to sulphate of zine. 
Acetate of xinc may be formed either directly by dissolving 
the metal or the white oxide in acetic acid, or by mingling 
the solutions of acetate of lead and sulphate of zinc. An — 
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insoluble sulphate of lead is formed, and the acetate of zinc 
remains in solution. By shane it affords a crystallized: 
and beautiful salt. 

V. Zinc is oxidized by being boiled with pure alkaline 
solutions, hydrogen gas is evolved, and aportion of the oxide 
remains dissolved. <A similar compound may be obtained, 
by projecting a mixture of nitre and zinc filings into a red-hot 
crucible. 

From all the salts of zinc, also, the pure alkalis throw down 
a hydrated oxide, which is soluble in an excess of alkali. ‘The 
solution by ammonia, when evaporated out of the contact of 
air, furnishes crystals of a feathery form. 

VI. Zinc and Sulphur.—Zince, in its metallic state, has very 
little affinity for sulphur, if we are to judge from the difficulty 
of causing them to unite. A mixture of the white oxide of 
zinc and flowers of sulphur combines, «however, into a 
yellowish brown mass.. Water, impregnated with sulphureted 
hydrogen, decomposes, after some time, the solutions of zinc, 
and forms a yellowish white precipitate, which is probably a 
hydro-sulphuret. Mr. I. Davy, by passing the vapour of 
sulphur over melted zinc, obtained a white crystalline: sub- 
stance, resembling that natural compound of zinc and sulphur 
which is called phosphorescent blende. Berthier produced an 
artificial sulphuret by igniting sulphate of zinc in ‘a charcoal 
crucible. It contained zinc and sulphur in the proportion of 
100 to 50, which would give an equivalent number for zine 
(32) lower than that derived from the oxide. Dr. Thomson’s 
analysis of the native sulphuret (blatk blende) gave $2.81 
sulphur to 67.19 metal, which are in the proportion of 16 to 
rather less than $3; and Arfwedson found, in fine transparent 
crystals of yellow blende, 33.66 sulphur and 66.34 zinc, a 
proportion agreeing with that of 16 to 31.53. It appears then 
that a lower equivalent number is derived from the composi- 
tion of the sulphuret, than from that of the oxide; but this 
may be owing to the greater difficulty of avoiding sources of 
error in the analysis of the latter compound. 

VII. Zine combines with phosphorus. ‘The phosphuret of 
zinc is of a whitish colour and a metallic lustre not unlike 
lead. It has some malleability, exhales a phosphoric smell, 
and, at a high degree of heat, burns like common zine. i 

c 2 
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VIII. Zinc is capable of furnishing alloys with most of the 
other metals. Of these the most useful, brass, will be men 
tioned in treating of copper. It has been lately proposed to 
apply zinc to the purpose of culinary vessels, pipes for con- 
veying water, sheathing for ships, &c.; but it is rendered 
unfit for the first object, by the facility with which the weakest 
acids act upon it; and for the remaining ones, by its con- 
siderable though slow oxidation, when exposed to the opera- 
tion of air and moisture, 


eg 
SECTION XVI. 
Iron. 


Inow has a blueish white colour, and admits of a high 
degree of polish. It is extremely malleable, though it cannot 
be beaten out to the same degree of thinness as gold or silver. 
It is much more ductile, however, than those metals; for it 
may be drawn out into wire much finer than a human hair ; 
and its tenacity is such that a wire only ~78.ths of an inch in 
diameter is capable of supporting a weight of nearly 550 lb. 
Its specific gravity varies from 7.5 to 7.8. 

Iron is one of the most infusible of the metals. Its melting 
point is about 158° of Wedgwood. Its chemical properties 
are the following: 


I. Oxides of Iron. 


1, When exposed to the atmosphere, especially when the | 
air is moist, iron slowly combines with oxygen, or, incommon 
language, rusts. If the temperature of the metal be raised, 
this change goes on more rapidly; and, when made intensely 
hot, it takes place with the appearance of actual combustion. 
Thus the smail fragments, which fly from a bar of iron during 
forging, undergo a vivid combustion in the atmosphere; and 
iron filings, projected upon the blaze of a torch, burn with 
considerable brilliancy. Iron, also, in bars or in plates 
becomes covered with a coating of oxide, which separates in 
scales when the bars are forged with the hammer, or the plates 
laminated by passing between rollers. The oxide, obtained 
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in these ways, is of a black colour, and is still attracted by the 
magnet. 

The same change is more cabials produced, when ignited 
iron is brought into contact with oxygen gas; for a viva com- 
bustion then takes place. Lavoisier made many experiments 
to ascertain the increase of weight, acquired by iron when thus 
burned, and concluded that, on an average, 100 parts of iron 
condense from 32 to 35 parts of oxygen. . Dr. ‘Thomson, how- 
ever, on repeating the experiment several times, did not find 
that 100 parts of iron absorbed more than 27.5 of oxygen; 
but he acknowledges that it is almost impossible to collect the 
whole product, arith that minute portions are dissipated in 
sparks.* 

_ 2. By contact with water at the temperature of the atmos- 
phere, iron becomes slowly oxidized, and hydrogen gas is 
evolved. It has been contended by Dr. Marshall Hall, 
(Quart. Journ. vii. 55.) that water, provided it be entirely 
deprived of oxygen gas, and secured from contact with atmos- 
pheric air, does not oxidate iron at common temperatures; 
and that a polished plate of iron retains its metallic brilliancy, 
both in air deprived of moisture, and in water thoroughly 
purged of air. M. Guibourt, however, has shown that this 
inaction of pure water on iron takes place only when the 
quantity of metal relatively to the fluid is very small; that at 
75° to 80° Fahr. little or no effect is produced; but that a 
temperature of from 120° to 140° Fahr. renders water 
decomposable by iron, especially when the metal bears a 
considerable proportion to the water. (Ann. de Chim. et 
de Phys. xi. 40.) 

When the steam of water is brought into contact with red- 
hot iron, the iron is converted inio the black oxide; and an 
immense quantity of hydrogen gas is set at liberty, and may 
be collected by a proper apparatus. Iron thus treated is found 
to have lost all its tenacity, and may be crumbled down into a 
black powder, to which the name of finery cinder was given by 
Dr. Priestley. In composition, it differs a little from the 
oxide of iron obtained by the action of atmospheric air, 
but it is still strongly magnetic. By a careful repetition of 


* 97 Nich. Journ. 381. 
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the process, Dr. Thomson found that 100° grains of iron, 
ignited in contact with the vapour of water, acquire 29.1 
grains of oxygen. ; 2 

3. When iron is dissolved in diluted sulphuric acid, the 
acid is not decomposed; but the metal is oxidized at the 
expense of the water, and hydrogen gas is obtained in abund- 
ance. Now as water is composed of two volumes of hydrogen 
and one of oxygen, a quantity of oxygen, equal in volume to 
half the hydrogen gas obtained, must have combined with the 
metal; that is, for every 200 cubic inches of hydrogen, 
oxygen equal to 100 cubic inches or = 33.8 grains, must have 
united with the metal. But 100 grains of pure iron evolve, 
by acting on dilute sulphuric acid, 170 cubic inches of hydro- 
gen gas at a mean of the barometer and thermometer, showing 
that oxygen, = 85 cubic inches, or 28.73 grains, must have 
united with the metal, during its solution. Dr. Thomson, 
from an experiment of this kind, found that 35 grains of iron, 
after the action of dilute sulphuric acid, had gained 10 grs. of 
oxygen, 59 cubic inches of hydrogen being evolved. It is to 
be considered, however, that the purity of the iron employed 
will materially affect the result; for if the iron contain char- 
coal, as is almost always the case, carburetted hydrogen gas 
will be mixed with the hydrogen; and the hydrogen in this 
gas being in a condensed state, the apparent will be less than 
the real quantity of hydrogen disengaged. 

Tron, by the last process which has been described, is con- 
verted into an oxide of a black colour, still retaining the 
magnetic property. Its composition has been the subject of a 
series of experiments by Bucholz, who concludes that 100 
parts of iron, to become the black protoxide, condense 29.83 
parts of oxygen; Dr. Wollaston deduces the oxygen to be 
29 parts; and Dobereiner makes it 30. Berzelius’s determi- 
nation differs a little from these,.viz, see 


Black or protoxide Tron ...... 77.22 .... 100 
; Oxygen. ..-22:78 223. 99,5 


100. 
The equivalent number for iron will, of course, vary, 
accordingly as we adopt one or other of these experimental 
results. If 29.5 be admitted to be the quantity of oxygen 


. 
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which converts 100: of iron into protoxide, the equivalent of 
that metal will be 27; if 28.5, the equivalent of iron will be 
28; and we may adopt 28 for the atomic weight of iron, — 
because. it agrees with the best analyses of its salts and other 
compounds, . That of the protoxide then will be 28 + 8 = 86. 
When the protoxide of iron, or iron itself, is dissolved in 
nitric acid; then boiled for some time; and, after being 
precipitated by ammonia, is washed, dried, and calcined in a 
low red heat, it is found. to be converted into a red oxide. 
This, according to Bucholz, is composed of 100 parts of iron 
and 42 of oxygen ; to Dobereiner of 100 iron and 45 oxygen ; 
or, according to Dr. Wollaston, of 100 metal and 43.5 
oxygen; but Berzelius states its composition as follows : 


Red oxide, (Iron .....4 69.34 .... 100. 
or peroxide (Oxygen... 30.66 .... 44,25 


100. 

If the oxygen in the peroxide be a multiple by 14 of that 
in the protoxide, the peroxide should consist of 28 metal + 
12 of oxygen, and its equivalent number should be 40; and 
100 metal should be united with 42.75 of oxygen. The 
existence of these two oxides may be considered. as clearly 
established. But besides these, it has been attempted to be 
shown that there are other oxides of iron. Thenard contends 
for a compound, containing less oxygen than the black oxide, 
viz. 25 parts to 100 metal; a second composed of 37.5 
oxygen to 100 metal; and a third of 50 to 100 metal. 
And Gay Lussac, also, supports the notion of three 
oxides, with proportions, however, differing from those of 
Thenard. The first oxide is that which is obtained by dis- 
solving iron in diluted sulphuric or muriatic acid, out of the 
contact of air. It is precipitated white by alkalis, and by 
ferro-prussiates, and is composed of 100 iron and 28.3 oxygen, 
it is therefore identical with the protoxide. ‘The second or 
deutoxide is obtained when iron is oxidized by the vapour of 
water or oxygen gas, and consists of 100 iron and 37.8 oxygen. 
This is supposed by Gay Lussac to constitute the octohedral 
and magnetic iron ores. The third is the acknowledged red 
oxide, Whticls 3 is composed of 100 iron and 42.81 oxygen.* It 


# 80 Ann, de Chim, 163, and 1 Ann, de Chim, et Phys. 33, 
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is ascertained, however, that the only oxides, capable of 
forming distinct neutral salts with acids, are the two, the com- 
position of which has already been stated on the authority’ of 
Bucholz, Wollaston, and Berzelius; and that the new oxide 
of Gay Lussac is a compound of the een and aight 
in atomic proportions, 9D," 
| Fo te ee Oxygen. Atom. Weight. © 
_ 1 atom of protoxide.... 28 4... 8 sss... 36 | 

2 atoms of peroxide..., 56°..+. 24 ...... 80 


— — eee 


bee 84 32 116 
For 100 : 38 :: 84: 32 | | 
Again the scales, detached by hammering or rolling, from 
bars or plates of iron, which have been strongly heated, were 
found by Berthier. to consist.of. 
Protoxide of iron... 64 or 2 atoms = 72 
Peroxide .......0+ 36 or J] atom = 40 


esate ores 


100 . 112 


It may be remarked, on comparing the composition of the 
two oxides of iron, that the oxygen of the protoxide is not a 
multiple of that of the peroxide by an entire, but by a frac- 
tional number, viz. 1.5. This anomaly, as was observed in 
the account of the principles of the atomic system, may be 
reconciled by multiplying by 2 the numbers (1. and 14), 
expressing these proportions, which will make the ratio of 28.5 
to 42.75 the same as that of 2 to $. We should be thus, 
however, almost necessarily led to tae supposition, that there 
is an oxide of iron containing a still smaller proporticn of 
oxygen than either of those now known, and constituted of 
100 iron and 14.25 oxygen. This would oblige us either to 
double the weight of the atom of iron; or, retaining its 
present equivalent, to consider the unknown compound as 
consisting of 2 atoms of base and 1 atom of oxygen, and the 
protoxide as a compound of 1 atom of metal and 1 atom of 
oxygen. ‘The peroxide we might view, with Dr. Thomson, as 
constituted of 2 atoms of iron + 3 atoms of oxygen. (First 
Princ. i. 32) in which case its representative number would be 
56 + 24 = 80. ‘This appears to be less improbable than the 
supposition of Mr, Porrett, that the atom of iron has been 
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hitherto rated by all chemists at twice its actual weight, and 
that what is now regarded as the protoxide is a compound of 
2 atoms: of base with 1 atom of oxygen, and the peroxide of 
4 atoms of base with 3:of oxygen. (Ann. of Phil. xiv. 300.) © 
There appear to be two hydrates or hydro-owides, corres- 
ponding to the two oxides of iron, which are obtained 
whenever we precipitate their respective solutions in an acid, 
by a fixed alkali. The hydrate of the protoxide is white, 


with a tinge of olive or green; that of the peroxide is orange 


coloured. The former hydrate passes to the latter, by 
exposure to the atmosphere. Ochre, it has been shown by 
Leidbeck, isa native hydrate of the peroxide, mechanically 
mixed with earthy ingredients; but, exclusively of them, com- 
posed of from 20.2 to 25 water, with 60 to 62 peroxide of iron.* 
The proportions indicating two atoms of water to one of per- 
oxide, ‘would be 62 parts by weight of the latter to 26.4 of 
the former, numbers:not very remote from those obtained 
by experiment. The preparation of a pure hydrate of iron 
was found by Berzelius to be attended with great difficulty, 
on account of the facility with which it parts with water. | 


II. Chlorides of Iron. 


Chlorine combines with irofi in two proportions. When 
iron is dissolved in diluted muriatic acid, a green solution is 
obtained, which may be evaporated to dryness out of the con- 
tact of air, and ignited with similar caution. The product is 
a grey brittle eT substance, which, when analysed by 
Dr. Davy, was found to consist of 
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“If constituted, as there can be little doubt that it is, of 1 
atom of chlorine = 36, + 1 atom of base = 28, its compo- 
sition ought to be 


Chlorine ss of 7; BGeBiiy (sl es DOO. nites 2 128.86 
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When iron wire is burned in chlorine gas; a substance of a 
bright yellowish brown colour is formed, with a high degree of 
lustre; volatile at a temperature a little above 212°, and crys- 
tallizing in small iridescent plates. It acts violently on water, 
and givesa red solution. It consists of 

Chlorine ...... 66.1 ...+0+ 100. 4.2. 194.174 
Trond asda yv VBS9 OEE) SLE IOV 4 100) 


eee 


100. 

Jn this case, as in that of peroxide of iron, we have the 
apparent anomaly of an atom and a half of chlorine being united. 
with an atom of iron; for 100: 51.5 :: 36 x 14 = 54: 28. 
_ Chloride of iron has not been much examined. 

_ Iodine and iron unite and form a brown fusible compound, 
sihich decomposes water, and passes to the state of a green . 
hydriodate of iron. 

Jodate of iron is not accurately known. 


III. Salts of Iron, 
1. |. Sulphate of Iron—When diluted sulphuric acid is made 


to act on iron, we obtain a compound of that acid with the 
protoxide. The solution yields crystals, which have a beau- 
tiful green colour, and the shape of oblique rhombic prisms, 
“not i rhomboids, as is sometimes represented (Brooke, Ann. 

Phil. N.S. vi. 120). They have a strong styptic taste; redden 
vegetable blue colours; and are soluble in about two parts of 
cold and 2ths their weight of boiling water. The solution is 
precipitated of a greenish white by alkalis, and white by prus- 
slate of potassa. It absorbs oxygen from the air, and the metal — 
passes to the state of peroxide; it also absorbs nitrous gas ; and 

is converted by chlorine into a sulphate of peroxide. "When 

the crystals are moderately heated, 100 parts lose 40 of water, 

and the residue consists of 1 atom of sulphate + 1 atom of 
water, Distilled at a stronger heat, they are decomposed, and ' 
yield a strong fuming acid, called glacial sulphuric acid. The 

proto-sulphate is composed, according to Berzelius, of 


Bre. Oe Atoms. 
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When a solution of protossulphate of iron is heated with 
access of air, part of the protoxide passes to the state of per- 
oxide, and, combining with a portion’ of acid, falls down in 
the form of a yellow powder, which, according to Berzelius, 
is a sulphate of the peroxide with eacess of: base, or a sub- 
persulphate. ‘The proportions of its components are: 

Atoms. 
Sulphutie acid 2 i502 16.5 edi fee. FS) 40% 
Peroxide of iroh ....63. .sesccoes 4 = 160 
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Other sulphates with base of peroxide of iron (called, from 
the atomic proportions of their constituents, per-bisulphate, 
and per-quadrisulphate), have been investigated by Dr. Thom 
son,* Mr. Sylvester,+ and Mr. Cooper,t but no sulphate of 
protoxide with excess of acid is yet known. 

The farther oxidation of the iron in the green sulphate is 
effected more expeditiously by boiling its solution with nitric 
acid, and evaporating to dryness, care being taken not to raise » 
the heat so as to expel the sulphuric acid. Water, added to 
the residuum, dissolves a salt, which is composed of sulphuric 
acid and peroxide. The solution has a yellowish colour; 
does not afford crystals; but, when evaporated to dryness, 
forms a deliquescent mass, which is soluble in alcohol,- and 
may thus be separated from the green sulphate. Its solution 
affords a blue precipitate with ferro-prussiate of potassa. This 

salt has been called per-sesquisulphate of iron. It consists, 
according to Berzelius, of 


Atoms. 
Sulphuric acid.... 60.44 .... 100. ..14 = 60 
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The sulphurous acid, also, unites with protoxide of iron, and 
forms a sulphite; and this sulphite, taking an additional quan- 
tity of sulphur, composes a sulphureted sulphite. The precise 
composition of these salts remains to be determined. 


# Ani. of Phils, 102° f Iby xiii, 466, { Ib, 298, 


28 OF METALS. CHAP. IX. 


| Nitrate of Iron. 

The nitrate of iron, it was long ago shown by Sir H. Davy, 
may exist in two different states, the green or proto-nitrate, 
in which the oxide is at the minimum Fok denen: and the 
red, in which it is at the maximum. 

To obtain nitrate of iron, in which the oxide is at ville 
minimum, acid of the specific gravity of 1.25, or even less, 
must be used; the iron must be added in large pieces, and at 
distant intervals; and the operation carried on without the 
access of air. When this solution is made on a large scale for 
the purposes of the dyer, it is proper to connect the vessel, in 
which it is prepared, with a large receiver; for, in the latter, 
a quantity of nitrous acid will be found, which is worth the 
trouble of collecting. If confined in a vacuum along with 
“sulphuric acid, it yields light green rhomboidal prisms, which 
Dr. Thomson regards as tonpetuted of 1 atom of acid, 1 of 
base, and 7 of water. 

' Nitrate of iron, thus prepared, passes, on exposure to the 
atmosphere, to the state of that in which the oxide is at the 
maximum; or we may obtain the per-nitrate by leaving nitric 
acid for a long time in contact with protoxide of iron. Crys- 
tals form spontaneously in the liquid, which are at first trans- 
parent and colourless, but become brown by keeping; their 
taste is acid and astringent, and they redden vegetable blues. 
They contain per cent. 18 base, 41 acid, and 41 water, pro- 
portions which agree best with those of a per-sesquinitrate. 

Muriate of Iron—Muriatic acid dissolves iron and its 
oxides with great ease; and affords two distinct salts, differing 
from each other according to the state of oxidation of the 
metal, The muriate containing the black oxide is green, and 
that containing the oxide at the maximum red. The proto- 
muriate resembles the proto-sulphate in the colour of its 
crystals. ‘These have the form of rhombic plates, and are 
soluble both in water and in alcohol. ‘They consist, according 
to Dr. Thomson, of 1 atom of mnriatic acid, 1 atom of pro~ 
toxide of iron, and 3 atoms of water. 

The green muriate is convertible into the red by simple 
exposure to the atmosphere. JBerzelius describes a striking 


experiment founded on this property. If a solution of the 
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green muriate be exposed to the atmosphere, in a tall cylin- 
drical glass jar, for some days, and a few drops of pure 
ammonia be'then introduced at. different depths by means of 
a tube, the precipitate formed near the surface will be green ; 
a little lower blue; still lower greyish; then of a dirty white; 
and at the bottom perfectly white, provided time has not been 
allowed for the atmospheric oxygen to penetrate so low. 

Phosphate of Iron.—Phosphoric acid- acts with but little 
energy on iron; but both the oxides of iron may be made to 
combine with phosphoric acid by double affinity. From the 
mixed solutions of proto-sulphate of iron and phosphate of 
soda, a pale blue precipitate is formed. Jt is soluble in most 
acids, and precipitated again by ammonia without change. 
The proto-phosphate of iron is found also native, both in 
the state of a powder and of fine blue crystals. It consists of 
1 atom of protoxide, and 1 atom of acid, with various propor- 
tions of water. 

The per-phosphate is formed, by mingling the solutions - 
per-sulphate of iron and phosphate of iene aban an insoluble 
yellowish white precipitate results. 

Carbonate of Iron.—The only oxide of iron, so far as is yet 
known, that is capable of uniting with carbonic acid, is the 
protoxide. Proto-carbonate of iron is found native, consisting 
of 1 atom of protoxide + 1 atom of carbonic acid. It has— 
not been formed artificially ; nor are we acquainted with any | 
solid compound of the peroxide of iron with carbonic atid. 
The sub-carbonate of the London Pharmacopceia is com- 
posed of about 40 per cent. carbonate of iron, and 60 of the 
peroxide. (Phillips.) 

Ferr o-cyanate of Iron, or Prussian Blue—The process for 
preparing Prussian Blue consists i calcining together, in a 
covered crucible, equal weights of dried blood, horn shavings, 
or almost any animal substance, and carbonate of potassa ; 
then lixiviating the product, which is a cyanide of potassium ; 
and mixing the liquid (called formerly lixivinm sanguinis) with 
a solution of two parts of alum and one of proto-sulphate of 
iron. ‘The precipitate, which has a dingy green colour, is to 
be washed first with muriatic acid, which changes it to a 
beautiful deep blue, and then with abundance of water. The 
process, however, of which this is a mere outline, is one of 
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some nicety, and requires attention to a number of minute 
observances, for the detail of which I refer to Martyn’ s 
Abridgment of the Philosophical Transactions, vol. vii. p. 747. 

Though prussian blue was discovered so long ago as the 
year 1710, yet its mature was not understood till Scheele, in 
1782, rendered it the subject of an excellent essay, published 
in the collection of the Royal Academy of Stockholm, and 
also in his works. (Essay 20, 21.) It had, previously to that 
time, been examined by Macquer, and has since’been ably 
investigated by Berthollet, Proust, Vauquelin, Porrett, Thom- 
son, Gay Lussac, Robiquet, and Berzelius, but still it appears, 
without our having attained that certainty about its compo- 
sition, which we have acquired respecting the generality of 
chemical compounds. 

- The prussian blue of commerce is an impure: sincere and. 
contains a variety of other matters, especially a quantity of 
alumine. For chemical experiments, it is proper, therefore, 
to prepare it by mixing the solutions of ferro-cyanate of 
potassa and proto-sulphate or proto-muriate of iron, and 
washing the precipitate, first with muriatic acid, and then with 
water. The precipitate produced is at first an exceedingly 
light blue, and continues so, as long as it is guarded from the 
action of the atmosphere; but it changes to a deeper blue by 
exposure to the air, or by mixture with any agent capable of 
imparting oxygen, If persulphate of iron be substituted for 
the proto-sulphate, the precipitate is at first apparently of a 
fine colour, but becomes by drying almost black. From the 
necessity which exists of using the proto-salt, in order to 
obtain a fine pigment, Dr. Thomson is disposed to believe 
that the iron is in the state of Gay Lussac’s oxide, but ad- 
mits thatthis would be the only instance of its forming a dis- 
tinct combination. 

Prussian blue is insoluble in water, and in jesiais unless when 
they are concentrated and heated. When thoroughly dried, 
_ it shows a great affinity for moisture, by absorbing it rapidly 
from the atmosphere. It is not decomposed by being heated 
to 307° Fahr.; but, at a higher temperature, it catches fire, 
and burns in the manner of tinder, leaving from 54 to 60 per 
cent. of oxide of iron. 

When prussian blue in fine powder is added to a vidaaes 
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solution of potassa, a hydrated peroxide of iron is separated, 
the colour of which is not a bad indicator of the value of the 
pigment used in the arts; for its excellence bears a proportion 
to the deep redness of the oxide. The liquor is a solation of 
the salt, which has already been described as the pee Sa 6 
of potassa. 

When prussian Hines is kept in contact ith water and iron 
filings, or with sulphureted hydrogen, it is decomposed, in 
consequence of the de-oxidation of the iron, and reduced to 
the state of the white compound: but this again becomes blue 
on restoring oxygen. 

_ Pure prussian blue, added to omnasieented sidpliartt deta, 
increases in volume, and becomes white; but its’ colour is 
restored on adding a sufficiency of water. Muriatic acid: has 
no action on it, unless when concentrated and heated, and 
then (as Robiquet has shown, Ann. de Ch. et de Phys. xii.. 
284) it separates the greater part of the oxide of iron, leaving 
a crystallizable substance, analogous to that which is obtained 
- by decomposing ferro-cyanate of potassa by tartaric acid, and 
which Mr. Porrett has termed ferruretted chyazic acid. 

Besides:prussian blue, there appears, from Berzelius’s expe- 
riments (Ann. of Phil. N. S. i. 444), to be another blue com- 
pound of the same elements, which is soluble to some extent 
in water. Prussian blue, in the dingy green state in which it 
is first precipitated by lixivium sanguinis, seems,also to contain 
an excess of base, which muriatic acid rem¢ VE 


wes. ‘There are 
probably, therefore,. three compounds in Swick the peroxide, 
and one in which the protoxide, exists as the base. . 
Prussian blue submitted to distillation per se gives water, 
hydro-cyanate of ammonia, carbonic acid, and other gases. © 
Respecting the nature of prussian blue, a variety of opinions 
have been entertained, and if is still a subject on which chemists 
are by no means agreed. - No theory respecting it can’ be 
entitled to notice that was anterior to Gay Lussac’s important 
discovery of cyanogen. His researches led him to believe, 
that prussian blue is a compound of cyanogen with metallic 
iron, -and that it is, therefore, not a prussiate, but a cyanide ; 
but Vauquelin, having directed his attention to this part of 
the subject, was still induced to regard it as a true prussiate. 
According to Mr, Porrett’s view, it is a compound of ferro- 
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tyanic acid with peroxide of iron. Berzelius, not admitting 
the existence of any such acid as the ferro-cyanic, regards 
prussian blue as a compound of hydro-cyanate of protoxide 
of iron with peroxide of iron, in proportions admitting of 
some variation. (Ann. of Phil. N. 8. i. 444.) . Robiquet, on 
the other hand, considers it as a cyanide of iron, combined 
with a ferro-cyanate of the peroxide and with water.* The 
subject, in its present state, appears to me very obscure, and 
I refer the reader who is disposed to examine it, to the papers 
of Berzelius and Robiquet already quoted. , 

Tanno-gallate of Iron.—When sulphate of iron is mixed 
with an infusion of galls, we obtain a black solution, which is 
a new combination of oxide of iron, with the gallic acid and 
tan. Both the gallate and tannate of iron are essential con- 
stituents of writing inks; the other ingredients of which are 
chiefly added with the view of keeping these insoluble com- 
pounds suspended. 

In order that the iron may unite with the gallic acid and 
tan, it must exist in combination with the sulphuric acid’ in 
the state of red oxide; for the less oxydized i iron, in the green 
salt, does not form a black compound with these sulistles: 
Tron filings, however, dissolve in an infusion of galls, with - 
an extrication of hydrogen gas; but the compound is not black 
till after exposure to air, which oxidizes the iron still farther. 
This solution, with a sufficient quantity of gum, forms. an 
excellent writing ink. | 

On the same principle may be schleien: the effect af siadaline 
iron in destroying the colour of ink... When ink is digested 
with iron filings, and frequently shaken, its colour decays ; 
and it also becomes colourless after having a stream of sul- 
phureted hydrogen gas passed thr ough it. A both these cases 
the oxide of iron is partly dousidized, Characters written with 
ink, after this treatment, are at first illegible, but become 
black as the iron acquires oxygen again from the air. . 

The combination of iron, forming ink, is destroyed by pure 
and carbonated. alkalis. Apply a solution of alkali to charac« 
ters written with common ink, the blackness will disappear, 
and the characters will become brown, an oxide of iron only 
Wi ARG, SAN bn 9 UMSTEAD dO Re ARN ii fly 

* Ann, de Chim, et Phys. xii, and xvii. 7 


SECT. XVL | IRON. © 83 


remaining on the paper. Alkalis, added cautiously to liquid 
ink, precipitate the black combination, but an excess of alkali 
re-dissolves the precipitate. 

Characters, which have been effaced by alkalis, may again 
be rendered legible by an infusion of galls. 

Ink is also dbcohpoteA by most acids, which separate the 
oxide of iron from the gallic acid, in consequence of a stronger 
affinity. Hence ink stains are removed by dilute muriatic 
acid, and by some vegetable acids. Hence, also, if to a satura- 
ted solution of sulphate of iron there be added an excess of 
acid, the precipitate no longer appears on adding infusion of 
galls. When a mixture of ink with nitric acid is heated, the — 
yellow oxalate of iron is formed, and is precipitated on adding 
pure ammonia. 

Ink is decomposed by age, partly in consequence of the far- 
ther oxidation of the iron, and partly, perhaps, in consequence 
of the destruction of the acid of galls. Hence ink-stains 
degenerate into iron moulds, and these last are immediately 
produced onan inked spot of linen when washed with soap, 
because the alkali of the soap abstracts the gallic acid, and 
leaves only an oxide of iron. Ink is ecBie sdsed also by 
chlorine, which destroys the gallic acid, and the portato 
muriatic acid dissolves the oxide of iron. 

As ‘all writing inks, into the composition of which iron — 
enters, are liable to decay by time, and to be destroyed by 
various agents, an ink has been proposed by Mr. Close, the ' 
basis of which is similar to that of printing ink.—Take cil of 
lavender 200 grains, gum copal, in powder, 25 grains, and 
lamp-black from 21 to 3 grains. With the aid of a gentle 
heat dissolve the copal in the oil of lavender in a small phial, 
and then mix the lamp black with the solution, on a marble 
slab, or other smooth surface. After a repose of some hours, 
the ink must be shaken before use, or stirred with an iron wire, 
and if too thick, must be diluted witha little oil of lavender.* 
This ink I have found extremely useful in writing labels for 
bottles which contain acids, or which are exposed to acid 
fumes in.a laboratory. 

Succinate of Iron—The succinic acid composes with per- 


* See Nicholson’s Journal, 8yo. ii, 145. 
vol, Il. ‘D 
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oxide of iron a brown mass, insoluble in water, The combina- 
tion is best effected by double decomposition, and especially 
by the addition of a solution of succinate of ammonia to the 
persalts of iron. A brown red precipitate of succinate of iron 
falls down. This precipitate Klaproth exposes to heat, first 
by itself, and afterwards mixed with a small quantity of linseed 
oil. The first operation destroys the acid, and the second 
reduces the metal to the state of black oxide. Now, as the black 
oxide contains, in 100 parts, 77.2 of metallic iron, the -pre- 
cipitation of a solution, by succinate of ammonia, affords a 
ready method ofestimating the quantity of iron in any solution 
_of that metal, or in any of its salts. 

Acetate of Iron.—The acetic acid, or even common. vinegar, 
acts slowly upon iron, and forms a solution, which is of great 
use in dyeing and calico-printing. ‘The acetate of iron may, 
also, be obtained by double decomposition, if we mingle the 
solutions of acetate of lime or of lead with one of sulphate of 
iron. It may be formed, also, by boiling acetate of lead with 
metallic iron, which precipitates the lead in a metallic state. 
This combination of iron with acetous acid may exist, like its 
other salts, in two different states. In.the one, the oxide is 
at the minimum, and in the other at the maximum of oxida- 
tion. Itis the latter salt chiefly, which is adapted to the use 
of the dyer and calico-printer. 

_ Sulphuret of fron.—{ron combines with sul phi; and affords 
ainewatt, the characters of which vary according to the 
proportions of their components. (a) A paste of iron filings, 
sulphur, and water, if in sufficient quantity, will burst, after 
some time, into flame. (5) A mixture of one part of iron 
filings and three parts of sulphur, accurately mixed, and 
melted in a glass tube, at the moment of union exhibits a 
brilliant combustion. ‘The best method, however, of effecting 
the combination of iron and sulphur is to take a bar of the 
metal, while of a glowing heat, from a smith’s forge, and to 
rub it with aroll of sulphur. The compound of iron and sul- 
phur falls down in drops, and may be preserved ina phial. 
Of the compounds of sulphur, this is one of those which are 
best adapted for affording pure sulphureted hydrogen { eas with 
diluted acids. (c) tee formed the proto-sulphuret of iron 
by heating the proto-sulphate in a charcoal crucible. 
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» Inthe sulphuret, made artificially by fusion, as well-as in the 
native sulphuret, iron (it has been shown by Proust and Mr. 
Hatchett) is in the metallic state. ‘Two compounds of iron 
and sulphur have been proved to exist, the one with a smaller, 
the other with a’ larger proportion of sulphur. The former, 
which is distinguished by the property of being magnetic, is 
the proto-sulphuret.. The bi-sulphureé is known only as a natural 
product; it isnot magnetic; is nearly insoluble in diluted sul- 
phuric and muriatic acids; and gives no sulphureted hydrogen 
gas with acids. But the proto-sulphuret is readily soluble 
in dilute acids, and gives during solution abundance of sul- 
pares hydrogen. Itis composed of 
ie Atoms. 
Iron. piaremeseree 63.64.44» 100 cteva kh FSS 
Sulphur .osececes +5636 .000 S714 oeooee 1 = 16 
100. | Ad 
And the bi-sulphuret is composed of 
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100. 60 

The artificial sulphuret varies in its composition, owing 
probably to the sulphuret being mixed with different propor- 
tions of metallic iron. The foregoing appear to be the only 
well ascertained and definite compounds of iron and sulphur. 
Gay Lussac however contends for three sulphurets corres- 
ponding to his supposed three oxides of iron ;* and Dr. Thom- 
son describes a sesqui-sulphuret, constituted of 28 parts iron 
and 24 sulphur, which is obtained by pouring a solution of 
neutral persulphate of iron into hydrosulphuret of potassa. 
(First Princ. ii.191.) Arfwedson, also, has added two to the 
number of sulphurets, one which he prepared by passing 
hydrogen gas over ignited sulphate of iron, and another result- 
ing from a similar treatment of the sub-persulphate. (Ann, 
of Phil. N.S. vii. 341.) But all these compounds require to be 
further examined before we can admit them to be distinct 


atomic’ combinations. 


Carburet ui Iron. — Iron combines with carbon in. various 
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proportions ; and the varieties of proportion occasion great 
differences of properties inthe compounds. On these varieties, 
and the occasional combination of a small proportion of oxy- 
gen, depend the qualities of the different kinds of iron used in 
the arts, as cast iron, steel, &c. &c. The quantity of carbon, in 
the sub-carburets of iron, may be determined by solution in 
sulphurous acid, which dissolves the iron and sulphur, and 
has no action on carbon. An ingenious mode of analysis, 
employed by Mr. Mushet, consists in ascertaining the quantity 
of litharge which a given quantity of the iron pades examl- 
nation is capable of reducing, by fusion, toa metallic state. 

There can scarcely be a more striking example of essential 
differences in external and physical characters being produced 
by slight differences of chemical composition, than in the car- 
burets of iron; for steel owes its properties to not more than 
from 1, to =1,th its weight of carbon. This appears to be the 
only addition necessary to convert iron into steel; for though 
it is proved that the best steel is made-from iron which has 
been procured from ores containing manganese, yet careful 
and skilful analysis discovers no manganese in steel.* 


Cast or crude tron, besides casual impurities, contains oxygen, 
carbon, and the base of silica; but its differences depend 
chiefly on the various proportions of carbon, which is greatest 
in the black, and least in the grey, variety of iron. Berze- 
lius, indeed, denies the presence of oxygen in cast iron, and 
asserts that its differences of quality are produced by variable 
proportions of charcoal, manganese, and the bases of mag- 
nesia, lime, and silica.+ By the process of refining, or en 
dling, as it is called, which is well described by Dr. Beddoes 
in ne 81st vol. of the Philosophical Transactions, cast is con- 
verted into malleable iron; the carbon and oxygen unite 
together, and escape in the form of carbonic oxide; while 
another part of the oxide of iron unites to the earthy matter, 
and rises to the surface in the form of a dense slag. A large 
quantity of impurities is afterwards mechanically squeezed out, 
by passing the bars of iron between rollers. After this process, 
it forms malleable or bar iron, which, though the purest form 
of iron of commerce, may be considered as iron sill Roding 


* Ann. de Chim, et de Phys, iii. T 40 Phil. Mag. p. 245. 
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some oxygen and carbon in combination, the latter of which, 

even in very ductile iron, amounts, according to Berzelius, to 

about one half per cent. Hassenfratz has suggested that iron, 

which has been manufactured with wood charcoal, may pro- 
bably contain potassium, and may owe its superiority to this 

circumstance; and Berzelius has rendered it probable that 

even the most ductile iron contains silicium.* 

If bar iron be long and slowly heated, in contact with char- 
coal, it loses oxygen and acquires carbon, and thus becomes 
steel, A small proportion only of carbon, united with iron, is 
not capable of depriving it entirely of the properties of mallea- 
ble iron; for though it becomes a good deal harder, yet it 
may still be welded. By union with a still farther quantity of 
carbon, it loses altogether the property of welding; is ren- 
dered harder and more compact ; and forms the fine cas¢ steel. 
Steel, therefore, though like cast iron it contains carbon, yet 
differs from it essentially in being destitute of oxygen and 
earthy matter. ‘The charcoal, which it contains, may be exhi- 
bited in the form of a-black stain, on applying a drop of 
almost any weak acid to the surface of polished steel. 

Steel, when ignited and suddenly cooled, is rendered so hard 
and brittle as to be unfit for any useful purpose. To remove 
this defect, it requires what is called tempering, which consists 
in heating it up to a point that varies with the object to which 
the steel is destined. When thus heated, it assumes various 
colours, which were formerly the only guide for judging of 
the degree of temper; but this is now much better ascertained 
by using a bath of mercury or fusible metal, and regulating 
its temperature by the thermometer, which may range from 
400° to 600° Fahr. according to the use for which the steel is 
intended. | | 

Steel admits ofbeing alloyed with several other metals, and 
the alloys, as appears from the investigation of Messrs. Stodart 
and Faraday (Phil. Trans. 1822), are applicable to various 
important uses. The silver alloy, containing about 1, of 
that metal, may be advantageously gaia to every purpose 
for whigh good steel is required. With 4, of platinum, steel 
acquired sidh an increase of toughness as well as of hardness, 
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as fully to ‘compensate its additional cost. With rhodium, as 
well as with iridium and osmium, very valuable, compounds 
_ were obtained; but till these metals can be had at less cost and 
_in greater quantity, their compounds with steel can be of little 
practical use, except for small and delicate instruments. In 
_ the analysis of these alloys, Mr. Faraday remarked that some 
of them, especially that into which platinum entered in the 
proportion of not more than ;j,th, was acted on with great 
energy by dilute sulphuric acid, gas being evolved very 
rapidly, and the alloy dissolved in a time during which pure 
steel was scarcely affected. 'This effect, he ascribes to the for- 
mation of a Voltaic combination by the two metals. It could 
not be owing to the mere separation of the particles of steel by 
the interposed foreign metal; for the effect was diminished by 
increasing the proportion of platinum. 

Another combination of iron and carbon, which is a true 
carburet of iron, is the substance called plumbago, or black- 
lead, used in fabricating pencils, and in covering iron to pre-_ 
vent rust. By exposure to the combined action of heat and. 
air, the carbon is burned off; and the oxide of iron remains. 
When mingled also with powdered nitrate of potassa, and 
thrown into a crucible, a deflagration ensues; and peroxide 
of iroi!.may be obtained by washing off the alkali of the nitre. 
From the experiments of Messrs, Allen and Pepys, it appears 
that pure plumbago, when burnt in oxygen gas, leaves a residue 
of oxide of iron amounting only to about 5 per cent.; and that 
it gives very nearly the same quantity of carbonic acid, by 
combustion, as the diamond and charcoal. When intensely 
heated in a Toricellian vacuum by a Voltaic battery, Sir H. 
Davy found that its characters remained wholly unaltered. 
Neither could any evidence ofits containing oxygen be derived 
from the action of potassium.* But ae exposed to the 
focus of a powerful lens in oxygen gas, it was observed that 
the gas became clouded during the process, and that there was. 
a deposition of dew on the interior surface of the glass globe; 
a fact which indicates that plumbago, like charcoal, contains. 
a small quantity either of hydrogen or of water. 

Tron unites with various other metals. With deve and 
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- sodium, it forms alloys more’ fusible and whiter than iron, and 
which effervesce when added to water. Stromeyer * has investi- 
gated the alloy of iron-and siliciam. It is formed’by heating 
together iron, silica, and charcoal. ‘The alloy is Hlagolyed 
very slowly by acids, for it becomes covered with a coat of 
silica, which defends it from farther action, till it has been 
removed. Manganese forms a white and brittle alloy with iron. 
Iron, also, forms an alloy with tin; and iron plates, previously 
cleaned by.a dilute acid, may be covered with tin by dipping 
them into that metal when melted. The process has been 
fully described by Mr. Parkes in the third vol. (new series) of 
the Manchester Society’s Memoirs, and in the 8th vol. of the 
Spartealy Journal. 
oe 
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_ Tue properties of tin should. be examined in the state of 
erain-tin or block-tin; what is commonly known by the 
name of tin, being nothing more than iron plates with a thin 
covering of this metal. Several varieties of tin are met with 
in commerce, for the discrimination of which, and the means 
‘of judging of their purity, Vauquelin has given useful instruc- 
tions in the 77th volume of the Annales de Chimie; and az 
interesting account of the ores of tin, and of the processes for 
extracting the metal in Cornwall, has been given by Mr. Taylor 
in the sth vol. of the Geological Society’s Transactions. Cor- 
nish grain tin has been shown by Dr. Thomson to contain 
only a very minute proportion of foreign metals, never 
exceeding, and, for the most part, much re than =1,,th Paris 
which is chiefly copper derived from the ore.}. 

Tin has a silvery white colour, and by exposure to an air 
acquires a slight superficial tarnish, which does not appear to 
increase by time. Its specific gravity is about 7.9. It is. 
extremely soft; scarcely, if at all, elastic; and, when a piece of 
it is bent backwards and forwards, it gives a peculiar crackling 
noise. It is very malleable, and may be beaten into leaves 
th of an inch thick. 


To0 
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Tin melts on the application of a moderate heat, equal to 
A4AQ° Fahrenheit (Creighton), by a long continuance of which 
it is converted into a grey powder. This powder, which 
appears to be the first oxide of tin, when mixed with pure glass, 
forms a white enamel. The protoxide may be procured, also, 
by calcining, in a close vessel, the precipitate from fresh made 
muriate of tin by carbonate of potassa. ‘There is some diffi- 
culty in obtaining the protoxide pure, on account of its 
tendency to pass to the state of peroxide. Dr. Thomson 
recommends to add at once, to a solution of the protomuriate 
carefully prepared, as much pure potash as will saturate the 
acid. A black powder precipitates, which, when washed out 
of contact with air, and dried, continues in the state of prot- 
oxide. M. Cassola has given the following process as one 
which never fails. Upon filings of tin he pours nitric acid 
diluted with ten times its volume of water, and leaves the two 
substances in contact 48 hours. _ The tin acquires a brownish 
black colour, and is converted into protoxide. (Ann. of Phil. 
xiii, 40.) ‘Tin is not oxidized at common temperatures, even 
by the concurrent presence of air and moisture. 

The protoxide, when brought to a full red heat, takes fire; 
and, acquiring an increase af oxygen, passes toa pure white 
(yellowish according to Thomson.) ‘This peroxide, when the 
heat is considerably raised, loses a part of its oxygen and runs 
into fusion. ‘The peroxide may be obtained at once by pro- 
jecting tin into a crucible intensely heated, when the oxide 

.rises in the form of flowers somewhat resembling those of zinc. 
It may, also, be procured, as Berzelius found, by distilling 
powdered tin with red oxide of mercury. It is insoluble in 
all the acids; but its hydrates, which are white, dissolve 
readily in muriatic, but not in nitric acid. 

The oxides of tin have been.investigated by Dr. Davy,* 
Gay Lussac, Berzelius, and Dr. Thomson, and their results 
very nearly agree. Gay Lussac states the composition of the 
protoxide to be . 
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And that of the peroxide; in which he agrees with Klaproth, 


Tin a thea 79 see eetee es 100.. 
Oxygen ........ 21 eee ee ee 27.2 


100* 


Dr. Thomson, by acting upon tin with nitric acid, found 
that 58 parts united with 16 of oxygen to become peroxide; 
and as Berzelius had proved that the protoxide contains just 
half the oxygen in the peroxide, the protoxide must be con- 
stituted of 58 tin and 8 oxygen. Tin will, therefore, be 
represented by 58, the protoxide by 66, and the peroxide by 
74: ! : 

Besides these two oxides, Berzelius suspects that an inter- 
mediate one is formed when tin is acted on by nitro-muriatic 
acid; and that it enters into the composition of deuto-muriate 
of tint It has a yellow colour, and, from theory, should’ 
consist of 100 metal + 20.4 oxygen; but its existence is 
thought by Gay Lussac to be extremely questionable. —_, 

The oxides of tin have, in a certain degree, the properties 
of acids, so as to render it doubtful whether they should not 
be arranged in that class of compounds. But their affinities 
for bases are so feeble, that it seems advisable, on the whole, 
to retain them in the class of oxides. 

The precipitates from solutions of tin by alkalis are hydrates, 
and have a white colour. They, are soluble in an excess of 
fixed alkali; but the oxide is precipitated by the weakest acid, 
even the carbonic. The hydrates of tin are, also, decomposed 
by the action of boiling water. Dr. Thomson has described 
two hydrates, the one ehatneee of 100 peroxide and 24. water, 
which corresponds with two atoms of water, and one of oxide; 
the other, of 100 peroxide and 48 water, in which, of course, 
one atom of peroxide is united with four of water. 

Chloride of Tin.—Tin may be brought to combine with 
chlorine, by first forming six parts of it into an amalgam with 
one of mercury, triturating this with 30 parts of corrosive sub- 
limate, and distilling nee mixture from a glass retort into a 
capacious receiver, feet care to raise the heat very gradually. 
Or the same compound may be formed, according to Proust, 


* Ann. de Chim. et de Phys. i, 433 andy. 151. 87 Ann,de Chim. 50, 
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by distilling a mixture of eight ounces: of powdered tin and 
twenty-four. ounces of corrosive sublimate. The result is a 
liquid which emits dense white’fumes, when exposed to the air, 
and was formerly termed the. fuming liquor of Libavius. It 
gives no precipitate with muriate of gold or muriate of mer- 
cury 3 affords a yellow sediment. with hydro-sulphuret of 
potassa; and dissolves a farther portion of the metal without 
effervescence, It has the property of inflaming oil of turpen- 
tine when suddenly poured into that liquid. 

_ This compound, carefully examined by Adet, was proved to 
be a per-chloride of tin, perfectly free from water, and having 
a strong affinity for that fluid. Hence arises its fuming pro- 
perty; for the white vapours, which exhale when the bottle 
is unstopped, arise from the union of the salt with the mois- 
ture of the air. It may be formed at once, by heating tin in 
chlorine gas; and it consists, according to Dr. Davy, of 58 
tin, and 72 pal gTin or, 

Atoms. 
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Another compound of tin and chlorine, called protochloride 
of tiny may be obtained by heating an amalgam of tin and mer- 
cury with calomel. Itdissolves in water, and formsa solution, 
similar to the muriate of the protoxide, which rapidly absorbs 
oxygen from the air, and deposits peroxide of tin. It is com- 
posed of 58 tin and 36 chlorine, or 
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pCa of tin is unknown. 

Jodide of tin, formed either by the direct combination Sy tin 
with iodine, or by adding hydriodic acid to protomuriate of 
tin, is an orange coloured substance. The peapertog of its 
elements has not been ascertained. | | 

Sulphaie of tin.—Tin dissolves in sulphuric acid, which 
takes up, when concentrated and heated, half its weight of. that 
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metal.» It is dissolved also by this acid, diluted with about a 
fourth its'weight of water, and heated. During both these 
processes, sulphurous, acid is disengaged; and, in the latter, 
a pellicle of sulphur forms.on the surface of the solution, which 
precipitates ‘on cooling. When saturated, the solution depo- 
sits, after a while, needle-shaped crystals of sulphate of tin. 
“If the sulphate be long boiled; a copious white precipitate sub- 
sides,- which will, not again; dissolve, It is composed of the 
white oxide-retaining only a small portion of acid, and con- 
stituting in fact a subsulphate. 
_. Nitrate of time-—When nitric acid, highly concentrated is 
poured upon tin filings, very little effect is produced; but 
when a small quantity of water is added, a violent effervescence 
follows; and, the:metal is reduced to a bulky powder, which 
is the white oxide retaining alittle acid.. If more -water be 
added, an acid liquor is obtained, holding very little tin in. 
solution; and containing nitrate of ammonia, the alkaline base 
of which is formed by the simultaneous decomposition of the 
water and nitric acid, and the union of the hydrogen of the 
former with the nitrogen of the latter.. ‘Tin, however, is slowly 
dissolved, without effervescence, in nitric acid greatly diluted. 
The solution is yellow, and deposits oxide of tin by keeping. 
Muriate of tin.—Muriatic acid, undiluted, is the proper 
solvent of tin. To one part of tin, in a tubulated retort, two 
parts of concentrated muriatic acid are to be added, and heat 
applied. The solution is complete, with the exception of a- 
smal] quantity of black powder, which consists of protoxide of 
copper ;* and the acid takes up about one-fourth of its weight 
of tin. The solution has always an excess of acid; is per- 
fectly limpid and colourless; and contains the metal at the 
minimum of oxidation. It has a tendency, however, to 
acquire a farther proportion of oxygen, and should therefore, 
be carefully preserved from contact with the air. This pro- 
perty of absorbing oxygen is so remarkable, that it may even 
be applied to eudiometrical purposes. Proto-muriate: of tin 
has, also, the property of reducing iron to a minimum of oxida- 


* hdmson’ $ Annals, x. The 
t+ On the preparation of muriate of tin, see Berard, Annales de Chimie, 
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tion, in those compounds, in which the metal is fully oxidized ; 
for example, it reduces the red sulphate to the green. It is a 
test also of gold and platinum, as already noticed, and blackens 
the solution of corrosive sublimate. With hydro-sulphurets 
it gives a black precipitate. The enc anmnapie of tin appears 
to be composed of 

Muriatic acid .. 35.93 or 1 atom 37 

Protoxide of tin 64.07 or 1 atom 66 


100. — 103. 
Beside this, there is a swbmuriate, first described by Proust, 
and analyzed by Dr. Davy, consisting of 
Muriatic acid ........ 19.0 latom 37 
Protoxide ..,....... 70.4 por probably <{ 2 atoms132 
Wats fo eS TO.6 ; 2 atoms 18 


100. | 187 
Crystallized permur iate of tin consists of | | 
Peroxide of tin .... 42.28 .... or 1 atom = 74 


Muriaticacid...... 42.28 .... or 2 atoms = 74 
Water vi. deve cleus 16440... or 3 atoms ‘= 27 


100. Weight of its atom 175 


Nitro-muriate of tin.—The nitro-muriatic acid (formed by 
mixing two or three parts of muriatic acid and one of nitric) 
dissolves tin abundantly, with violent effervescence, and with 
so much heat, that it is necessary to add the metal slowly by 
successive portions. ‘The solution is apt to congeal into a 
tremulous gelatinous mass; and if water be added, it is partly 
decomposed, and some oxide separated. ‘The solution, used 
by the scarlet dyers, is prepared with that dilute, nitric acid 
called single aqua-fortis, to each pound of which are added 
from one to two ounces of the muriate of soda or of ammonia. 
This compound acid is capable of taking up about an ei 
of its weight of tin. 

Acetate of tin.—Acetic acid (distilled vinegar) by digestion 
with tin filings takes up a portion of the metal, and acquires 
an opalescent or milky appearance. The solution is decom- 
posed by the action of the air, and COPPER an insoluble 
oxide. 
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Tin dissolves in tartaric acid; and the solution is applied to 
the useful purpose of wet-tinning, the process for which is 
described in Aikin’s Dictionary, ii. 427. 

Sulphuret of tin—Tin unites with sulphur, but requires, 
for its combination, so high a temperature, that at the moment 
of union there is too woiial a quantity of sulphur present, to 
saturate the tin, and a mechanical mixture results of tin and 
sulphuret of tin. The only method of obtaining the saturated 
sulphuret, is to melt the awrum musivum, which will presently 
be described, in close vessels. The proto-sulphuret is of a 
bluish colour and lamellated structure. It is composed of 
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The second sulphuret, or bi-sulphuret of tin (aurum musi- 
vum,) is formed by heating sulphur with peroxide of tin, or 
by heating in a mattrass a eed amaloam of 12 parts of 
tin and 6 of mercury, mixed with 7 parts of flowers of sulphur 
and 6 of muriate of ammonia. A gentle heatis to be applied. 
till the white fumes cease to appear, when the heat is to be 
raised to redness, and kept so for some time. On cooling, the 
aqurum musivum may be obtained by breaking the mattrass. 
It is of a beautiful gold colour, and flaky in its structure. 
Proust was of opinion that it is a sulphureted oxide; but Dr. 
Davy and Berzelius have shown that the tin is in a metallic © 
state. According to the former, it consists of 59 tin 1 32 
sulphur, or, fi 
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Berzelius, by re-distilling bi-sulphuret of tin with sulphur, 
obtained a compound of a greyish colour and metallic lustre, 
which he found to be composed of tin and sulphur, in the pro- 
portion of 58 to 24. Hence it was a sesqut-sulphuret of tin. 

Tin forms useful alloys with many of the metals. Pewter 
is one of these; and the best kind of it is entirely free from 
lead, being composed chiefly of tin with small proportions of 
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antimony, copper, and bismuth.* .An/amalgam, formed by 
gradually adding three parts of mercury to twelve of tin 
melted in an iron ladle, and stirring the mixture, is much used 
in the silvering of looking glasses. A mixture of tin and lead, 

in about aduak. parts, composes the common plumbers’ solder. 
Tin enters, also, into the composition of bell metal and 
bronze; and one of the most useful applications of it is to the 
tinning of iron plates, which is effected’ by dipping the plates 
into melted tin. The process, however, requires several pre- 
liminary steps, which are described in Watson’s Chemical 
Essays, vol. ix., and in Mr, Parkes’s Essay in the Manchester 
Society’s Memoirs, vol. iii. N.S. 


§ 
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SECTION XVIII. 
Cadmium. 


CapMiumM was discovered, in the autumn of 1817, by 
Stromeyer, in an oxide of zinc, which had been prepared for 
medicinal use from an ore of zinc brought from Silesia. He 
ascertained its principal properties and combinations; and has 
since extracted it from various other ores of zinc.+ Dr. 
Clarke has shown that it exists in the ores of zinc from Der- 
byshire and Mendip, and in the zine of commerce; and - 
Mr. Herapath of Bristol has pointed out an abundant source 
of it in the sublimate, which, in the process for obtaining zinc 
by distillation, rises before the zinc, in what the workmen call 
the brown blaze. Of this sublimate, which is attached to the 
roof of the vault, it forms from 12 to 20 per cent. § 

The presence of ‘cadmium, in an ore of zinc suspected to 
contain it, may be discriminated by directing the blue flame 
of a candle upon a small fragment placed on a slip of pla- 
tinum foil.” If any cadmium be present, its oxide will be 


‘ 


* On the alloys of tin, a memoir of M. Dussausoy may be consulted in 
the 5th vol. of Ann. de Chim. et Phys. ; and Mr. Chaudet’s paper in the 
same and in the 7th volumes, | 
+ Ann. of Phil. xiv. 269. { Ibid. xv. 272, and N.S. ii. 123. 
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reduced, volatilizéd, and carried along the slip of platinum, 
‘coating it with its peculiar reddish-brown oxide.» Dr. Wol- 
laston, to detect cadmium, dissolves the ore of zinc in muriatic 
acid, gets rid by heat of the excess of acid, and adds distilled 
water. All the metals that iron will precipitate he removes by 
a rod of iron, and filters the liquor into a platinum capsule 
containing a piece of zinc. ‘The cadmium, if any be present, 
will coat over the surface of the capsule with a precipitate of a 
dull leaden hue, and will adhere so firmly that it may be 
washed, and thus freed from any remaining solution of zinc. 
Muriatic acid will dissolve the lead coloured precipitate with 
effervescence, and either carbonated or caustic potassa will 
yield a white precipitate; which may be tested before the blow- 
pipe in the manner already described. 

To separate cadmium from the ores of zinc, Stromeyer 
dissolves the ore in sulphuric acid; and through the solution, 
which ought to contain an excess of acid, sends a current of 
sulphureted hydrogen gas. The precipitate is well washed, 
dissolved in concentrated muriatic acid, and the excess of acid 
expelled by evaporation. ‘The residue is dissolved in water, 
and precipitated by carbonate of ammonia, an excess of which 
must be added, to re-dissolve any zinc or copper that may have 
been thrown down by the sulphureted hydrogen gas, . Car 
bonate of cadmium alone remains, which, after being heated 
to drive off the carbonic acid, is reduced by mixing it with 
lamp black, and exposing it to a moderate red heat in a oe : 
or earthen retort. | | 

Cadmium resembles tin very neatly i in ea lustre, and:in 
the sound it emits when bent. It is somewhat harder than 
tin, and surpasses it in tenacity. It is very ductile, and may 
be reduced to fine wire, or thin plate; yet, when long beaten, 
it scales off in different places. Its specific gravity is 8.604 
before hammering, and 8.694 afterwards; or, according to 
Mr. Children,* 8.67 before and 9.05 after being hammered. 
It melts at a heat below redness, and is volatilized by a heat 
not much greater than that required to vaporize mercury. Its 
vapour has no odour. It condenses in drops as readily as 
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mercury, and these, on 5 cae present distinct traces of ' 
cr ystallization. ‘ 

Cadmium is as little altered by exposure to the air as tin. 
‘When heated in the open air, it burns as readily as the latter 
metal, and is converted into a brownish yellow oxide. . This 
oxide, which is its only one, consists of 100 metal + 14.352 | 
oxygen,* which gives 56 for the equivalent number of the 
metal, and 64 for that of the oxide. ‘This oxide is soluble in 
ammonia, but not in carbonate of ammonia, or in potassa or 
its carbonate, which even precipitate it from its solution in 
ammonia. By availing himself of this property, Mr. Children 
separated it from oxide of zinc, which is not thrown down by. 
the fixed alkali, and thus verified its presence in pik sissies 
containing much zinc and little cadmium. 

With the acids, oxide of cadmium unites and ene salts, 
which agree in the following characters. Fixed alkalis throw 
down a awvhigi hydrated ele as does ammonia, with this 
difference, that the latter, added in excess, re-dissolves the 
precipitate. Prussiate of potassa causes a white sediment, as 
does oxalate of ammonia. Sulphureted hydrogen, and the 
hydro-sulphurets, throw down cadmium of a yellow or orange 
colour like orpiment. No change is produced by chromate of 
potassa, succinate or benzoate %; ammonia, infusion of galls, 
or sulphate of soda. 7 

Chloride of cadmium crystallizes in small rectangular 
prisms, perfectly transparent, which effloresce when heated, 
and are very soluble. Ata high temperature it sublimes in 
small micaceous plates: 100 parts of the fused chloride consist 
of 38.61 chlorine + 61.39 metal. This gives 57 for the equi- 
valent of cadmium,. differing very little from the number 
deduced from the oxide. 

Iodide of cadmium forms large and beautiful hexahedral 
tables, of a metallic or pearly lustre. At a high temperature 
the iodine escapes. It consists of 100 metal + 227.43 iodine. 

Nitrate of cadmium crystallizes in prisms or needles, which 
are deliquescent. Its constituents are 100 acid + 117.58 
oxide. 


* Stromeyer, U.S. 
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The sulphate crystallizes in large rectangular prisms resem= 
bling sulphate of zinc, which are very soluble in water.. They 
effloresce in the air, and at a gentle heat lose their water of 
crystallization, amounting to 34.26 on 100 of the dry salt. 
The neutral sulphate consists of 100 acid ++ 161.12 oxide. ' 

The carbonate is pulverulent and insoluble in water, and 
readily decomposable by heat. It consists of 100 acid + 
292.88 oxide. 

The phosphate is shale ulent and pidelithia It is consti- 
tuted of 100 acid + 225.49 oxide. 

_ Cadmium unites with sulphur, as with oxygen, in only one 
proportion, which is that of 100 metal to 28.172 sulphur. 
The: sulphuret has a yellow colour with a shade of orange. 
Concentrated muriatic acid acts readily upon it, and evolves 
sulphureted hydrogen gas. . The sulphuret may be formed by 
heating sulphur either with the metal or the oxide, or by pre- 
cipitating a solution of cadmium by sulphureted hydrogen. 

Phosphuret of cadmium has a grey colour and a feeble 
metallic lustre. 

Cadmium unites with other metals. Its alloy orieh copper is. 
white, with a slight tinge of yellow. It unites also with cobalt, 
platinum, and mercury, and probably with other metals. 

From a survey of its salts, it appears that their analysis 
does not lead to a perfect agreement as to the equivalent. of 
its oxide, and consequently of that of the metal. None of 
the results, however, is very remote from affording 64 for the 
number representing the oxide, from which deducting 8, we 
obtain 56 for the equivalent of cadmium. | 
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METALS THAT ABSORB OXYGEN AT HIGH TEMPERATURES, BUT 
DO NOT DECOMPOSE WATER AT ANY TEMPERATURE. ' 


SECTION XIX. 


Arsenic. 
I. Arsenic, as it is found under that name in she shops, 
is not a metal, but a white oxide, from which the metal may 
VOL, II, E 
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be obtained by the following process. Mix two parts of the 
white oxide with one part of black flux (prepared by deto- 
nating, in a crucible, one part of nitre with two of crystals 
of tartar); and put the mixture into a crucible. Invert over 
this another crucible; lute the two together, by a mixture of 
clay and sand; and apply a red-heat to the lower one; keep- 
ing the upper one as cool as possible, or the mixture may be 
introduced into a clean and dry Florence flask, which may 
then be set in.a sand bath, and gradually raised to a red heat. 
The arsenic will be reduced; and will be found lining the 
inside of the upper crucible, or the upper part of the flask, in | 
a state of metallic brilliancy, not unlike polished steel. Its 
specific gravity is 8.31. It is so extremely brittle that it may 
be reduced: to powder in a mortar. 

II. Metallic arsenic is readily fusible, and is volatilized at 
356°. In close vessels it may be, collected unchanged; but 
when thrown on a red-hot iron, it burns with a blue flame 
and a white smoke; and a strong smell of garlic is perceived, 
which belongs to the metal only, and does not STE BAOY the 
volatilization of its oxides. 


Arsenic and Oxygen. 


Arsenic, by exposure to the air, is tarnished, and becomes 
converted into a bulky blackish powder. In three months, 
Berzelius found that 100 parts acquired an increase of 8.475; 
and he is disposed to consider the product as an oxidule, or 
sub-oxide; but it is probably nothing more than a mixture 
of arsenic and arsenious acid, into both which, indeed, it is 
resolvable by heat. Only two combinations of arsenic and 
oxygen have hitherto been clearly ascertained ; and both are 
possessed of acid properties. 

III. The white oxide of arsenic has the following pro- 
perties : 

1. It is semi-transparent, and brittle. Its specific gravity 
is 3.7. At a temperature of 380° Fahr, it is volatilized ; or, 
if suddenly heated, it runs into a glass. It has an actid, 
nauseous taste, and is highly poisonous, not only when taken 
into the stomach, but when applied‘to a wound, or when its 
vapour is inspired. 

2. It is sparingly soluble in water. east to ih 
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DIVISION II. 


METALS THAT ABSORB OXYGEN AT HIGH TEMPERATWRES, BUT 
DO NOT DECOMFOSE WATER, EXCEPT AT A RED HEAT. 


SECTION XIV. 
Manganese. 


MANGANESE never occurs as a natural product in a metallic 
state; the black substance, known in commerce by that name, 
the composition of which was first discovered by the illustrious 
Scheele, being a compound of manganese with a large propor- 
tion of oxygen. It is by no means, however, a pure oxide of 
manganese, for, besides carbonate of lime, which is occasionally 
present in it, it contains also oxides of iron, copper, and lead, 
and sometimes a small quantity of baryta. To purify it, equal 
parts of manganese and sulphuric acid may be heated together, 
till the vapour of sulphuric acid ceases to appear. A solution 
of the residuum can of course contain neither baryta nor lead, 
and consists only of the sulphates of manganese, iron, and 
copper. ‘To remove the two latter metals, pass sulphureted 
hydrogen through the solution, and then concentrate it by 
evaporation. Spirit of wine, containing from 80 to 90 per 
cent. alcohol, divides the solution into two parts, the lower of 
which soon deposits sulphate of manganese; and from this, 
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carbonate of potassa precipitates carbonate of manganese, 
capable of yielding all the different oxides of that metal.* 
Mr. Faraday has employed a simpler process for obtaining 
oxide of manganese in solution, without any other metal. It 
consists in heating excess of common black oxide with muriate 
of ammonia in acrucible. ‘The chlorine which is disengaged, 
seizes the manganese in preference to any other substance; 
and, on adding water and filtering, a pure solution of muriate 
of manganese is obtained. No iron, copper, or other metal, is 
taken up, so long as any spare oxide of manganese is present. 


From the solution, bi-carbonate of potassa throws down a 


pure carbonate, from which the carbonic acid may be expelled 
by heat. (Quarterly Journal, vi. 358.) If iron be already in 
a state of solution in sulphuric or muriatic acid, along with 
manganese, the two metals may easily be separated, as Mr. 
Hatchett has shown, by ammonia, which throws down the 


oxide of iron, but forms with the manganese a soluble triple © 


salt. ‘The most improved method of effecting this separation 
will be described in the section on the Analysis of Minerals. 

From the oxide, metallic manganese may be obtained by 
mixing it, after being finely powdered, with pitch, making it 
into a ball, and putting this into a crucible with powdered 
charcoal, one-tenth of an inch thick on the sides, and one- 
fourth of an inch deep at the bottom. The empty space is 
then to be filled with powdered charcoal, a cover is to be luted 
on, and the crucible exposed, for one hour, to the strongest 
heat that can be raised. Mr. Faraday has succeeded in 
obtaining metallic manganese in large globules from the triple 
tartrate of manganese, by heating it in a crucible in a wind 
furnace per se. | 

This metal is of a dusky white colour, and bright and 
shining in its fracture. Its specific gravity was found by Dr. 
John to be 8.018. Itis very brittle, and even less fusible than 
iron, requiring a heat of 160° Wedgewood to melt it. It is not 
attracted by the magnet; except when contaminated withasmall 
quantity of iron. - When exposed to the air, it soon crumbles 
into a blackish brown powder, in consequence of its oxidation, 
and becomes in succession grey, violet; brown, and finally black. 
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I. Oxides of Manganese. 


Though much of the obscurity, which existed respecting 
the oxides of manganese, has been cleared away by the re- 
searches of John, Berzelius, Forchhammer, Berthier, Arfwed- 
son, and Thomson, yet as there is still a want of perfect 
agreement respecting their number and composition, I shall 
state, at some length, the results of different analyses, in order 
that the reader may form his own judgment on the subject. 

Dr. John, in a memoir published in the 2d and 3d volumes 
.of Dr. Thomson’s Annals, enumerates three artificial oxides 
of manganese, the green, the brown, and the black. The 
green is formed by the action of metallic manganese on water, 
from which it takes oxygen, aud disengages hydrogen gas, 
apparently holding some of the metal in solution. The brown 
oxide was formed by exposing the last mentioned one to the 
air, till it ceased to gain weight, and then drying it quickly. 
The third, or black oxide, was prepared by dissolving man- 
ganese in nitric acid, evaporating, and drying by a heat suf- 
ficient to expel the nitric acid, but not to decompose the 
oxide. The brown oxide still continued to absorb oxygen, 
when exposed to the atmosphere; but the black, when ignited, 
gave oxygen gas. ‘The composition of these oxides is stated 
by Dr. John as follows : 


Metal. . Oxygen. Metal. Oxygen. 
Ist, oxide (green) ss 87. 4 50 1B. ceee ee 100 os'.. 14.942 
Pditxide (Prawn ):+ 680m) oy QO. sels ety 6. 100. % 2% 25. 
8d'oxide (black) .°..71.33.°.....28.67..4...100 .... 40.19 


Berzelius* admits the composition of the green oxide, as 
stated by Dr. John, with a slight alteration; but corrects that 
of the second and third, and adds, also, two other oxides, the 
one with less oxygen, and the other with more than any of 
those which have been already cited. The first is obtained by 
exposing metallic manganese in a vessel. loosely corked; but 
there can be little doubt, from its properties, that it is a mix- 
ture of the metal and the green oxide. The second, described 
also by Dr. John, results from the action of water on metallic 


- * 97 Ann, de Chim. 149, 
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manganese, the third from the action of acids, and the 
fourth from calcining the nitrate. The fifth and last is the 
black oxide’of manganese, which is become important from 
its use in preparing chlorine. By exposure to a strong heat, 
100 parts of this oxide lose 11.3 of oxygen, and a red. oxide 
remains. 


Berzelius’s Table of the Composition of Owides of Manganese. 


| Metal. Oxygen. Metal. Oxygen. 
Ist oxide ....2+++ 93.435 .. 6.565 «02... 100 .. 7.0266 » 


9d oxide ........ 87.68 «212.32 .....- 100 .. 14.0533 


8d oxide ....eee+ 78-10 1.21.90 ...+..100 .. 28.1077 
Ath Oxides. «dees ¢e°70.50 > 60:29:50 cess 6 100s. 42.16 
Bth oxide .....e+> 64.00 .- 36.00 ....+- 100... 56.215 


The numbers in the last column, it may be observed, stand 
to each other in the proportion of 1, 2, 4, 6, 8. But if the 
first compound (as appears to me highly probable) be not a 
distinct oxide, the ratio will then be that of 1, 2, 3,4. Gay 
Lussac also has declared his conviction,* that the two first 
oxides do not exist; and that there are in reality only three; 
Ist, the protowide, obtained by dissolving manganese in diluted 
sulphuric acid, and precipitating it by a pure alkali out of the 
contact of air; 2d, the deutoxide, which remains after cal- 
cining the peroxide, or the greater part of the. salts of man- 
ganese; and 3d, the peroxide, or native black oxide. And 
Berzelius himself ‘is now disposed to relinquish the two first,+ 
and to admit only three oxides of manganese, with quantities 
of oxygen corresponding to the three last in the above table ; 
the protoxide (the 3d of the above table) being green, and the 
two others black. ‘The red compound of 100 parts of man- 
ganese with 37.47 oxygen, not agreeing with the law of defi- 
nite proportions, he considers as a mixture of the two first.[ 

An able investigation of the oxides and salts of manganese 
was published by Dr. Forchhammer in 1820, in an Inaugural 
Dissertation, “« De Mangano,” of which an abstract may be 
found in the Annals of Philosophy. 

1. To obtain the protowide, a glass tube, open at both ends, 


* Ann. de Chim. et Phys, 1.39. + Ibid, v. 150. t Ibid, vi. 204. 
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was filled with deutoxide, and heated over a lamp, while 
hydrogen gas was passed through it. The brown powder 
soon changed to a light yellow, which colour, while the 
powder was cooling, became white, and the powder when cold 
was of a beautiful light green. Its colour, however, soon 
changed by exposure to the air, and when heated below 600°, 
it was re-converted into deutoxide, burning slowly with a 
reddish light. 

2. The deutoxide, according to the same author, may be 
obtained by exposing the pure -eaitioniiite of manganese, during 
a long time, to a red heat in an open vessel ; or, by triturating 
peroxide of manganese with binoxalate of potassa and water 
a pink solution is obtained, from which ammonia throws down 
the deutoxide. Its colour is brown, resembling that of deut- 
oxide of iron, but rather darker. It is‘soluble in concentrated. 
muriatic acid at 42° Fahr.; but, if the temperature of the 
solution be at all raised, or if it be exposed to the sunbeams, 
chlorine escapes, and muriate of protoxide is formed. The 
existence of the deutoxide has been doubted, but, in fact, 
according to Dr. Forchhammer, it is the only one which can 
be easily obtained in a pure state. 

8. When the deutoxide is boiled with weak nitric acid, a 
portion of it parts with oxygen, and enters into solution in 
the state of protoxide, while the remainder is converted into 
peroxide, which is black, and insoluble in all acids except such 
as deprive it of oxygen. The native ore of manganese is, ' 
when pure, identical, in its chemical properties, with the per-, 
oxide, except that it is contaminated with other oxides. It is 
found in great abundance in Devonshire, Warwickshire, &c. 

The following Table shows the composition of these oxides, 
according to Dr. Forchhammer’s analysis. | 


Metal. Oxygen. Metal. Oxygen. 
Protoxide (green) ..76.27 ...+23.73 20.ev100.+..31.25 
Deutoxide (brown). .70.403....29.597......100....42.040 
Peroxide (black) ..63.749....56.351......100....62.50 


It is obvious that the peroxide contains twice as much 
oxygen as the protoxide ; but the artificial peroxide, dried at 
a low heat, is a hydrate containing 16 oxygen, 28 manganese, 
and 9 water. 
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’ Berthier (Ann. de Ch. et de Phys. xx. 186) admits that 
manganese has four degrees of oxidation besides that which 
constitutes manganesic acid. Ist. The protowide, obtained by 
- exposing to a white heat, in a charcoal crucible, either the 
carbonate or any pure oxide of manganese. @dly. ‘The deut- 
oxide ; this, by the action of concentrated nitric acid, is re- 
solved into the protoxide which is dissolved, and the peroxide 
which remains. 3dly. The red oxide, which results from the 
calcination either of the deutoxide or peroxide. It consists 
of 100 manganese united with 36.24 oxygen, or of two atoms 
of protoxide, and one atom of peroxide. 4thly. The peroxide, 
_ obtained by calcining the nitrate carefully to a certain point, 
and found also native in a crystallized form. By being heated 
in a charcoal crucible, 100 grains of a very pure egg 
gave 76.9 grains of protoxide. | 

The researches of Arfwedson (Ann. of Phil. N. S. vii. 267) 
were principally directed to the analysis of a brown oxide of 
manganese, obtained by calcining the protoxide, and hereto- 
fore confounded with that resulting from the calcination of 
the nitrate. ‘The protoxide he obtained, by passing hydrogen 
gas over dry carbonate of manganese, heated by a spirit lamp 
ina glass ball. Its colour was a fine pistachio green, till air 
was admitted, when it became greyish green. When heated 
in a glass capsule over a spirit lamp, it took fire and burnt to 
a dark brown oxide, and 100 parts became 107.35. But in 
100 parts of protoxide we have 77.78 of metallic manganese, 
and 22.22 oxygen, to which, if 7.85 oxygen be added, we find 
that in the brown oxide 100 of metal are united with 38 of 
oxygen. ‘To this oxide Arfwedson applies the uncouth name 
of oxidum manganoso-manganicum. In composition, it agrees 
so nearly with the red oxide of Berzelius and Berthier, that it 
may be considered essentially the same; and if composed of 
100 metal and 38. oxygen, it may either be constituted as 
Berthier.supposes,, or of 1 atom protoxide + 2 atoms of deut- 
oxide; for either view will be found to agree equally well with 
the proportions of base and oxygen. 

When the protoxide i is dissolved in nitric acid, evaporated, 
and exposed to a red heat in a platinum vessel, or when the 
brown oxide, after having had nitric acid-boiled with it to 
dryness, is similarly treated, the residue has a shining black 
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colour. This is the deutoxide, consisting of 100 metal ++ 
49.86 oxygen, and the oxygen of the protoxide is, therefore, 
to that of the deutoxide as 1 to 1.5. ‘The grey ore of man- 
ganese, and the crystallized varieties of that mineral, Arfwed- 
son finds are compounds of the deutoxide with water. The 
tritovide or peroxide of manganese, Arfwedson admits to be 
a compound of 100 parts of metal and 56.213 oxygen. 

Dr. Thomson (First Princ. i. 364,) satisfied himself. by 
experiment of the composition of the protoxide, deutoxide, 
and tritoxide, ‘The colour of the deutoxide he finds to be 
_ either brownish black or shining black, according to the mode 
of its preparation, the first variety being obtained by exposing 
the peroxide to a low red heat, the second by calcining the 
nitrate. Both are identically the same, and give red solutions 
with sulphuric and muriatic acids, which-are rendered colourless 
by sulphurous or nitrous acids. ‘The existence of the first oxide 
of Berzelius’s table he considers extremely doubtful, but sees 
no reason to doubt of that which stands first in the table of Dr. 
John. ‘The protoxide he regards, with Berthier, Arfwedson, 
and others, to be that which exists in the flesh red sulphate, 
and which is obtained by exposing ignited carbonate of man- 
ganese to a current of hydrogen gas. In this 100 metal are 
inited with 28.5 oxygen, from shikh we may deduce the 
atomic weight of manganese to be 28; for 28.5: 100:: 8 : 28. 
‘We may consider then the following compounds as sufficiently 
established ; ) 

Oxides of Manganese. — 

Metal. Oxy. Metal. Oxy. At. Wt. 
Saboxide:vyeiveweds WOO eee wi W8Os he 6b: 2B asiela WA aieBZ 
Protoxitle (green) 100 5.0.5) SBF Ale os QBs eon B rg sh B6 
Dentoxids? 28.1100 0 AB B60 O28 oes TD's Od. 40 
Tritonide: 25100 60h 857 Tae as 28 US aS, I. ak 


‘The hydrated oxides of Manganese have been examined by 
Berthier, who has obtained chemical compounds of water 
both with the protoxide and peroxide, but not in atomic pro- 
portions, 


II. Manganese and Chlorine. 


Chloride of manganese may be formed by evaporating theo 
muriate to. dryness, pole subjecting the residue to a red heat 
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out of the contact of air. A pink coloured. semitransparent 
substance is obtained, which, according to the. apelin of Dr. 
John Davy, consists of 


Chlorine e@eeesee es @ 54 ahaa 100 @eeoeoeoe8e 117.64 
' Manganese ...... 46 sceeee 85 weeeee 100. 


en mee 


NO 


Now 54: 46: gg 30.6. The weight, therefore, of the 
atom of manganese, deduced from the chloride, exceeds that 
inferred from the oxide; but the discrepancy arises most 


probably from errors in analysis, and the true constitution of 
the chloride is 


Manganese.... 44 eeeeseeees Or 1 atom 28 
Chlorine...,.. 5G >.5 slewiew eens OF. baton 86 


eam ot ——s 


100 ~=©Weight of its atom 64 


IIIf. Salts of Manganese. 


-Carbonates.—When. the green or protoxide is pr ecipitated 
from its solution in an acid oe a carbonated alkali, we obtain 
a snow-white compound, which is a carbonate of manganese. 
When well, washed and cautiously dried, it is composed, 
according to Dr. Forchhammer, of 


Protoxide of manganese ...... 49. or 1 atom’ 28 
Water Sore eres eteae cee ee aie EF AUann te 
Carbonic acid ©... 00s... .c0e. 358 or 1 atom 22 


DI 2 
; e. : - 


Feo ria vated gg: 


Sulphate.—Concentrated sulphuric acid has very little ac- 
tion on metallic manganese; but the dilute acid dissolves. it 
with an extrication of hydrogen gas, which has a peculiar 
smell, resembling assafoetida, probably from its holding some 
of the meta in solution. ‘The solution has a light rose colour, 
and gives crystals of the same colour. 

The pure protoxide, and the carbonate of protoxide, dis- 
solve in the sulphuric acid in any state of concentration; and 
a solution is obtained, exactly resembling that. which has been 
described, The first crystals, that shoot from the solution, 
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are of a faint flesh red colour. The last are white, and con- 
tain a great excess of acid. The red crystals have the form 
of very flat rhombic prisms, and taste like Glauber’s salts. 
They are soluble in 24 parts of water, at 55° Fahrenheit, 
and are insoluble in alcohol. The alkaline carbonates, 
prussiates, and phosphates, occasion a white precipitate from 
the solution, and are almost the only salts ae decompose this 
sulphate. It is composed of 


Atoms. 
Protoxide of manganese .... 30 .... 1 = 36 
IMMUNE fe ce rane Asoo core a kee 
Water DOPE OU Tae pany Pes 37 a eae oy Pere 45 
100 121 


Concentrated sulphuric acid dissolves the deutoxide of man- 
ganese ; but the same acid, if much diluted, decomposes it, and 
forms peroxide, and sulphate of protoxide. ‘The solution acts 
on metals, an adequate portion of the deutoxide being brought 
to the state of protoxide. It is, also, when heated, decom- 
posed by tartaric acid and binoxalate of potassa, an escape of 
carbonic acid being, in both cases, observed. A similar decom- 
position is produced, by the same agents, of nieage metallic salts 
with base of deutoxide. 

Sulphurous acid acts on the peroxide, first depriving it of 
part of its oxygen, and dissolving the protoxide. 

Hypo-sulphite of manganese is “obtained by acting on hypo- 
sulphite of lime with sulphite of manganese. 

Nitrate. — Nitric acid, when igeeabals Me Meet als: 
' solves metallic manganese with an escape of nitrous gas. The 
‘solution is colourless; but by long continued heat, the acid 
is decomposed, and a black oxide is left. The protoxide 
and ‘white carbonate also dissolve readily in nitric acid, and 
by particular management crystals may be obtained from the 
solutions.” ‘The crystals deliquiate by exposure to the air; and 
on the application of heat, melt, and are immediately decom- 
posed, a blackish brown substance remaining, which Berzelius 
took for the real deutoxide, but which Dr. Forchhammier 
believes to bea inixture of one atom of deutoxide with one atom 
of peroxide. Nitric acid, heated with deutoxide, divides it 
into protoxide, which is dissolved, and peroxide. The latter 

is not acted upon by nitric acid, unless a little sugar is added, 


ee 
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or some other similar substance, which may partly de-oxidize 
it. Crystallized nitrate of manganese consists of | 


Nitric acid ........ 35. or 1 atom 54 
Protox, of mang. .. 23:5 or 1 atom 36 
Water. .....+e00-. 41.5 or 7 atoms 63 


weg -100 TAG SH 

Muriate. — The action of muriatic acid is most important on 
the black native oxide. According to the old theory, part of 
the acid acts on one portion of the oxide; and first reduces it 
to the state of protoxide, and then dissolves it; affording mu- 
riate of protoxide of manganese. ‘The oxygen, thus liberated, 
uniting with another portion of muriatic acid, composes oxy- 
muriatic acid. But, on the more probable theory of chlorine, 
the hydrogen of the muriatic acid is attracted by the oxygen 
of the oxide, and the chlorine is not formed, but merely set at 
liberty. ) | 

Muriate of manganese is most easily formed by saturating 
muriatic acid with the carbonate. It may be obtained, though 
not easily, in crystals, which are readily soluble in water and 
alcohol, and consist of 


Muriatic acid .......34 or 1 atom 37 
Protox. of mang. ....33 or 1 atom 36 
Water coesessceess 33 OF 4 atoms 36 


100 109 

The muriate of deutoxide can only exist at a temperature 
below 42° Fahr.; for when its solution is heated, the oxide is 
resolved into protoxide and peroxide. (Forchhammer.) 

Dr. John has investigated the combinations of oxide of man- 
ganese with vegetable and metallic acids, the details of which 
are contained in his paper. 

IV. The black oxide of manganese has some properties, 
which show that it‘is susceptible of still farther oxidation, and 
even of affording acid compounds. 

1. It imparts to borate of soda, when melted with it, a vio- 
let colour. When this is effected by the blow-pipe, the colour 
may be destroyed by the interior flame, and again re-produced 
by the exterior one, or by a small particle of nitre.* 


* See Klaproth, vol. i. p. 243, a. 
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«<2. When black oxide of manganese and -nitre, both reduced 
to powder, are mixed together, and thrown into.a red-hot 
crucible, the nitric acid is decomposed, and we obtain a com- 
' pound of highly-oxidized manganese with potassa. ‘The same 
compound may be obtained by fusing together one part of the 
black oxide, and five or six. of solid caustic potassa. It has 
the singular property of exhibiting different colours, accord- 
ing to the quantity of water that is added to it. A small quan- 
tity gives a green solution; a farther addition changes. it to 
blue; more still to purple; and a still larger quantity to a 
beautiful deep purple. 

3. The experiment may be varied, by putting equal quan- 
tities of this substance into two separate glass vessels, and 
pouring on the one hot, and on the other cold, water. The 
hot solution has a beautiful green colour, and the cold one is 
ofadeep purple. ‘Thesame material, with water of different 
temperatures, assumes various shades of colour. Hence this 
compound has been termed the chameleon mimeral. ‘This pro- 
perty is destroyed by a very small quantity of sulphuret of 
potassa, and by other substances that attract oxygen. 

The properties of this singular substance have been lately 
investigated by Chevreul. * To exclude the presence of iron, 
on which Scheele suspected its green colour to depend, he 
prepared it by fusing, in a platinum crucible, one part of pure 
oxide of manganese with eight of potassa, prepared. with al- 
cohol. ‘The colour of the solution was still green, and by the 
addition either of more water, or of carbonic acid, or an al- 
kaline carbonate, became successively blue, violet, indigo, 
purple, and red. The green solution, Chevreul supposes, is 
a combination of caustic potassa with oxide of manganese ; 
and the red, of potassa, oxide of manganese, and carbonic 
acid. ‘The intermediate colours result from the combination 
of these in different proportions, as may be proved by the 
direct mixture of a green with a red solution. The agency 
of water, even when carefully deprived of carbonic acid, in 
effecting the same change, shows, however, that the theory 
does not account for all the phenomena. This fact Chevreul 
explains by the action of water in diminishing the attraction 


* Ann, de Chim, et de Phys.182, > 


between the potassa and oxide of manganese, in which way he 


apprehends that carbonic acid produces its effect. The oxide, 
both in the green and red compounds, he asserts, is at the 
same degree of oxidation, a degree probably inferior to that — 
of the native oxide. . 

Messrs. Chevillot and Edwards have ascertained _ that 
the colour of the chameleon mineral is owing to manganese, 
and not to any other metal; that the contact of oxygen 
gas with the fused materials is essential to its formation, 
during which oxygen is absorbed; and that the chameleon 
compound is a neutral salt, susceptible of assuming a regular 
crystallized form.* 

When these crystals are heated in contact with hydrogen 
gas, they cause it to inflame. ‘They detonate violently with 
phosphorus ; and set fire to sulphur, arsenic, and antimony, and 
indeed to all combustible bodies hitherto tried. The red com- 
pound was supposed to be a neutral manganesiate of potassa, 
and the green a sub-manganesiate ; but it seems more probable, 
from the experiments of Forchhammer, that the difference 
between the red and green compounds depends, not on the 
quantity of potassa combined with the oxide of manganese, but 
on the proportion of oxygen united with the manganese itself. 
Conformably with this view, he found that adding alcohol or 
carbonate of manganese to the red compound changed it to 
green by abstracting oxygen. The manganese in the latter 
compound, he mania as forming an acid with a minimum 
of oxygen; the proportions being 100 metal and 96.847 
oxygen, constituting manganesious tig ; the green salt, there- 
fore, is a manganesite of potassa. ‘The red compound con- 
tains an acid which may be called the manganesic, and its 
compounds manganesiates. In this acid 100 of metal are united 
with 132 of oxygen, proportions which do not, any more than 
those of the manganesious acid, agree with any atomic con- 
stitution ; the one indicating betweeen 3 and 4, and the other 
between 4 and 5, atoms of oxygen, to each atom of metal. 
Though it appears, therefore, that manganese is capable of 
forming one or more true acids with oxygen, yet the propor- 
tion of the elements of these acids may be considered as still 


* Ann. de Chim. et de Phys, iv. 287. viii. 337. 
t Ann, of Philos. XV 120. 
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undetermined. The probability is that manganesious acid con- 


sists of 1 atom of metal and 3 atoms of oxygen, andthe man: 


Ras 
Ree bl 


ganesic of 1 atom of base and 4 of oxygen. Manganese then — 


is capable of uniting with oxygen in six different proportions, 
besides the compound oxide formed by the union of two 
other oxides. 

V. Manganese, in its metallic state, cannot be brought to 
combine with sazphur. Berthier formed a sulphuret of man- 
ganese by heating the protosulphate in a charcoal crucible. 
When thus prepared, it has an iron-grey colour, a semi- 
metallic lustre, and a crystalline appearance. It- consists of 
‘1 atom of metal + 1 atom of sulphur, and its equivalent num- 
ber is 44. | ee 

To obtain the sulphuret, Arfwedson fused in a close vessel 
proto-carbonate of manganese intimately mixed with twice its 
weight of sublimed sulphur. To free it from oxide, he fused it 
a second time with an equal weight of sulphur, augmenting 
the heat so as to drive off the excess of sulphur. He obtained also 
a bisulphuret by passing sulphuretted hydrogen over sulphate 
of manganese or protoxide of that metal. (Ann. of Phil. N.S. 
vii. 330.) Thenative sulphuret, called mangan-glanz, he proved 
also to be a bisulphuret. 

By passing hydrogen gas over ignited sulphate of man- 
ganese perfectly dried, Arfwedson converted it, with a loss of 
47.92 per cent, into a compound of an atom of sulphuret with 
an atom of protoxide of manganese, or an oxy-sulphuret. 
The colour of this compound is a lighter green than that of 
the protoxide. It remains unaltered when exposed to the air, 
and is‘thus easily distinguished from the protoxide, which 
speedily absorbs oxygen, and becomes brown. It is also 
easily distinguished from sulphuret of manganese, which has 
a much’ darker green colour, and which, by exposure to air, 
becomes brown. Its constituents are, | 


Sulphuret of manganese 55....... or 1 atom 44 
Protoxide of manganese 45. ...... or 1 atom 36 


oe (seem 


100 Weight of ‘ 80 


its atom 


VI. Manganese unites with most of the metals, and com- 


i 
rk 
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poses alloys; none of which are distinguished by important 


properties. 


ee 


SECTION XV. 


Zine. 


The zinc of commerce, known by the name of speltre, is 
never pure, but contains charcoal, lead, and sulphur. ‘To 
purify it, zinc must be dissolved in diluted sulphuric acid; a 
plate of zinc is then to be immersed in the solution, to throw 


‘down other metals which it may contain; the solution must 


be decomposed by subcarbonate of potassa ; and the precipitate, 
after being well washed, ignited with charcoal powder; after 
which it may be distilled at a white heat, from a stone-ware 
retort, into a receiver nearly full of water. _ 

Zinc is of a brilliant white colour with a shade of blue. 
Its specific gravity varies from 6.86 to 7.1, the lightest being 
the purest. By particular treatment it becomes malleable,* 
and may be beaten into leaves or drawn into wire. 

Zinc is melted by a moderate heat, viz. about 680° Fahren- 
heit, and the fused mass, on cooling, forms regular crystals. 

1. Oxide of Zinc.—- By exposure to the air at a low tem- 
perature, zinc slowly acquires a coating of grey oxide; but 
when kept in a degree of heat, barely sufficient for its fusion, 
it soon becomes covered with a grey oxide. If thrown into a 
crucible, or deep earthen pot, heated to whiteness, it suddenly 
takes fre; burns with a beautiful white flame; anda white 
and. light oxide, mixed with a little carbonate, sublimes, hay- 
ing a considerable resemblance to carded wool. This oxide, 
however, when once deposited, is no longer volatile; but, if 
exposed to a violent heat, runs into glass. It has been examined 
with much attention by Proust, who found it to consist of 80 
parts of zinc and 20 oxygen. Gay Lussac + and Berzelius t¢ 


_ have since investigated it, and agree in considering it as com- 


posed of 


* The discovery of the malleability of zinc was first announced by Mr. 
Silvester in the Philosophical Magazine, vol. xxiii, 
+ 80 Ann. de Chim, 170, } 81 Ditto. 
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Zine eesnes 80.39 e@oas 100 
Oxygen @ee0o0e9 19.61 eeee 24.41 


100. 124,41 


The atomic weight of zinc, deducible from the composition 
of the oxide.as above stated, is 33; but Dr. Thomson, from 
the results of his experiments on the synthesis of the oxide 
(First Princ. i. 52), has been led to conclude that 42 represents 
its atomic weight, and 42 — 8 = 34 that of the metal. This 
number maybe adopted, as it is a mean between the numbers 
deducible from the experiments of Berzelius and of Brande 
(Quart. Journ. xiv. 49), the latter of which would make 35 
the atomic weight of zinc, and 43 that of the oxide. We 
may consider then oxide of zinc as composed of : 


Zinc ...... 80.95 .... or 1 atom = 34 
Oxygen... 19.05 .... or 1 atom = 8 


O mmd 


100. Weight of its atom 42 


Zinc decomposes water very slowly at common tempera- 
tures, requiring, probably, the access of air; but it acts with 
great rapidity, if the vapour of water be brought into contact 
with it when ignited. In whatever way it is oxidized, we 
obtain the compound already~ described, which is the only 
known oxide of zinc.* 

II. Chloride of Zinc.—Only one compound of chlorine and 
zinc is known, called butter of xinc. It is obtained by evapo- 
rating to dryness the muriate of this metal. ‘The compound 
is fusible under a dull red heat, and, on cooling, goes through 
several degrees of consistency, being viscid before it becomes 
solid. When dissolved in water, a small residue of oxide of zine 
is left. From Dr. Davy’s analysis, it appears to consist of equal 
weights of chlorine and zinc; but it is more probably consti- 
tuted of. 


ZINC wae ce. 48.57 2... Or 1'atom = 34 
Chlorine.... 51.43 .... or 1 atom = 36 


porened 


100. Weight ofits atom 70 
“Tf the application of heat be stopped at the right point, Dr. 


* Vogel, in Thomson’s Annals, vii. 33. 
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Thomson finds that a muriate of zinc may be obtained, 
perfectly free from water, of which this compound and muriate 
of ammonia are the only examples. It consists of 1 atom of 
oxide of zinc 42, and 1 atom of muriatic acid 575 and its 
atomic weight is 79. (First Princ. ii. 224.) 

III. Jodine and zinc unite and forma crystalline compound 
which is fusible and volatile. It has been investigated by Dr. 
Thomson (lib. cit. i. 91.) and found to consist of 


Todine.... 78.48 .... or 1 atom = i24 
Zinc. .... 21.52 .... or'l atom= 34 


=== 


100. Weight of its atom 156 


IV. Salis of Zine. 


TIodate of zinc falls down in an insoluble state, when iodate 
of potassa is added to a solution of sulphate of zinc. 

Hydriodate of Zinc.—By exposure to the air iodide of zinc 
attracts moisture, and forms hydriodate of zinc. When this 
salt is mingled with a solution of bi-chloride of mercury, a 
precipitate is obtained of a beautiful bright red colour. 

Sulphite of zinc may be obtained by dissolving zinc in sul- 
phurous acid. It isa crystallizable salt, readily soluble in 
water, but not in alcohol. 

Hypo-sulphite of zinc is formed by digesting metallic zinc 
in sulphurous acid. Sulphuretted hydioger gas escapes, and 
from the solution crystals are obtained by gentle evaporation, 
which, when dissolved in alcohol, and re-crystallized, are the 
hypo-sulphite. 

Sulphate of Zinc.—Zine ai dissolves in diluted sulphuric 
acid, with the exception of a small quantity of black powder, 
which Vogel found to be composed of charcoal, iron, and 
sulphate of lead. Theacid, during its action on this metal, 
evolves hydrogen gas; and the gas, when obtained, besides 
other impurities, holds in combination a portion of the metal. 
A stream of it, burned in Cuthbertson’s apparatus (pl. iv. fig. 
34), has been found, if recently prepared, to occasion the fasion 
of the platinum wire, though pure hydrogen gas is destitute of 
this property.. This hydrogen gas, holding zinc in solution, 
may also be obtained by a process of Vauquelin. A mixture of 
the ore of zinc, called blende, or calamine, with charcoal, is to 
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Grange, it is soluble in one-twenty-fourth of cold water, or 
one-fifteenth of hot. Other statements have been given con- 
siderably differing from these; and Klaproth was, “thereon 
induced to éxamine its degree of solubility with great atten- 
tion. A thousand grains of cold water, left in contact with 
the white oxide dass 24 hours, and frequently agitated, 
dissolved only 22 grains. But 1000 grains of boiling water 
took up 772. grains; and after being left three days to cool, 
and to deposit the crystals which separated, still retained 
in solution 30 grains. Bucholz has since published results, 
which agree, very nearly, with those of Klaproth. But the 
most elaborate experiments are those of Fischer of Breslau. 
According to these, white oxide of arsenic is insoluble as such 
in water, and when acted upon by water, one portion of the 
oxide acquires oxygen from another, and, becoming acidified, 
is rendered soluble. ‘This is the reason why the undissolved 
portion loses its colour, and’ becomes of a dirty yellow. Of 
boiling water, 12.3 parts dissolve one of arsenic; but at the 
common temperature of the atmosphere, 664 parts of water 
take up only one part.* 

8. The solution of the arsenious acid, or white arsenic, has 
an acrid taste, and reddens vegetable blue colours. “When 
slowly evaporated, the oxide cr rystallizes in regular tetrahe- 
drons. The oxide is, also, soluble i in 70 or 80 times its weight 
of alcohol, and in oils. | 

4. The composition of the white oxide of arsenic, or 
arsenious acid, has been investigated by several chemists, with 
the following results. It consists, | 


Arsenic. Oxygen. Arsenic. Oxygen. 
According to Proust, of ..75.2 .. 24,8 ....100 .. 32.979 
- Thenard, of oe eee 100 2s 34,694 
——_—_——- Berzelius,+ of '75.81.. 24,19 ....100 .. 31.907 


5. Oxide of arsenic combines with pure alkalis to saturation, 
and fulfils, therefore, one of the principal functions of an acid. 
Hence it has been called arsenious acid, and its compounds 
arsenites. ‘These compounds may be formed by simply boiling 
the arsenious acid with the respective bases and a sufficient 


* Thomson’s Annals, vii, 33, + Ann. of Phil. xv. 356. 
EQ? 
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quantity of water. They have not been much .examined. 
Those of potassa, soda, and ammonia, are soluble and incapable 
of crystallizing; those of lime, baryta, strontia, and magnesia, 
are difficultly soluble. ‘The metallic arsenites are best formed 
by mixing solutions of the alkaline arsenites with the metallic 
salts. Arsenite of ammonia, for instance, and nitrate of 
silver, afford a yellow precipitate of arsenite of silver, which 
jis soluble in excess of ammonia; arsenite of potassa and sul- 
phate of copper, an apple green precipitate, called Scheele’s 
green, which, when dried and levigated, forms a beautiful 
.pigment. From salts of manganese, zinc, or tin, the same 
arsenite produces a white precipitate; and a dingy green one 
from salts of iron. Arsenite of lead, produced by mixing 
arsenite of ammonia and nitrate of lead, is composed, accord- 
ing to Berzelius, of 100 arsenious acid + 111.17 protoxide 
of lead. 

By repeated distillation with nitric acid, arsenious acid is 
changed into arsenic acid. ‘The process, however, recommended 
by Bucholz is to mix two parts by weight of muriatic acid of 
the specific gravity 1.200 (?) twenty-four parts of nitric acid 
of the specific gravity 1.25, and eight parts of white oxide of 
arsenic. The whole may be evaporated to dryness, and gently 
ignited in a crucible. 

IV. 1. The arsenic acid has a sour, and at the same time a 
metallic taste. It reddens vegetable blues; attracts humidity 
from the atmosphere; and effervesces strongly with solutions 
of alkaline carbonates. When evaporated, it assumes the 
consistence of jelly, and does not crystallize. It is a most 
active poison. 

2. The composition of arsenic acid has been differently 
stated, as will appear from the following Table. It consists, 


Arsenic. Oxygen. Arsenic. Oxygen. 
According to Proust, of .. 65.4 ..346 ....100..52.905 


- Thenard, of 64. +IBG: ..--l100..56.250 
see Berzelius, of 65.283..34.717....100. .53.179 


Dr. Thomson investigated the composition of arsenic acid 
by acting with nitric acid on a known weight of metallic 
arsenic. He found that 38 grains of the metal acquired 24 
of oxygen and became arsenic acid. He then ascertained 
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how much oxygen was necessary to convert a given weight of | 
arsenious into arsenic acid, and knowing the composition of 
the latter, it was easy to calculate that of the former. In this 
way he determined their constitution to be as follows : 


Arsenic. Oxygen. Atomic Wt. 
Arsenious acid ...... 1 atom + 2 atoms .... 54 
Arsenic acid........ 1 atom + 3 atoms .... 62 


So that the constitution of these acids resembles that of 
sulphurous and sulphuric. ‘That arsenic admits of a degree 
of oxidation inferior to the lowest of these two, has not yet 
been proved. by experiment, and is inferred chiefly from 
analogy. Admitting the composition of arsenious acid to be 
that which has been stated, the atomic weight of arsenic may 
be learned by deducting 16, the weight of two atoms of 
oxygen, from 54, when we obtain 38 for the equivalent 
number of arsenic. 

3. Arsenic acid unites with bases, and constitutes a class of 
salts called arsenates, or arseniates. 'These salts:resemble the 
phosphates in this as in other respects, that though carefully 
neutralized when in solution, yet, when concentrated by 
evaporation, they crystallize with an excess of base. , 

Binarseniate of potassa was formed by Macquer, by distilling, 
in a retort, equal weights of nitre and arsenious acid. It 
crystallizes in four-sided rectangular prisms, terminated by 
very short four-sided pyramids. It is permanent in the air, 
and has a saline and cooling taste. It is soluble in about five 
times its weight of cold water, but is insoluble in alcohol. 
It consists, according to Dr. Thomson, of 


Arsenic acid, 2 atoMs.......ee+05 124 
Potasca, > l atome) oO. Se AST ee 48 
Water, 1 atom eeoeoeoeootvpeeaeeeotsoaee 8 @ 9 


181 


Arseniate of soda forms large crystals having the same shape 
as those of phosphate of soda, which effloresce by exposure 
toa dry atmosphere. It has a cooling taste, resembling that 
of carbonate of soda, but less strong. It requires more than 
four times its weight of cold water for solution, and the liquid 


4 
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has alkaline properties. It undergoes the watery fusion. Its 
‘solution, when dropped into most earthy metallic salts, occa- 


sions precipitates, the peculiar appearances of which ‘are 
exhibited by Dr. Thomson in a table published in the Annals 
of Philosophy, xv. 83. It consists of 1 atom arsenic acid, 


‘1 atom of soda, and 8 atoms of water. ‘There is also.a bin- 


arseniate of soda, agreeing in the shape of its crystals with 
biphosphate of soda. ‘These crystals consist of 2 atoms: of 


‘acid, 1 of base, and 5 atoms of water. 


Arseniate of baryta was prepared by Berzelius, ‘by mixing 


‘nitrate of baryta with neutral arseniate of soda. It consists of 


Arsenic BE) a ie gk 43.94 EW 100. 
Baryitijs bes vide qh egiVO00 5 ines LOaee 


100. 


Sub-sesquia ‘seniate of lead, made by double decomposition, 
was found to contain 


Arsenic acid... 60 252) eV eV Ve 100% 
Protoxide of lead.,.. 74.75 «2.4.6 296.04 
100. 
And arseniate of Jead, to consist of 
AYTSCNIC ACID. bop cece OHI secede 100; 
Protoxide of lead.... 65.86 ...... 192.91 


In the sub-salt, then, arsenic acid is united with one and a 
half times as much base as in the neutral arseniate of lead. 

V. Arsenic and Chlorine—The compound of arsenic with 
chlorine was examined by Dr. Davy, (Phil. Trans. 1812. p. 
188.) He determined its ae by synthesis, and states 
it to consist of 


Chlorine eseseeseeee#e?te? 60.48 teats a é.S 100. 
Arsenic’ SAPs Wik 3) SO eae ew $64.8 


100. 


This analysis, however, does not lead to an atomic weight 
for arsenic at all coinciding with that deduced from the oxides. 
From the name which DE Davy gives to this compound, it is 
evident that he considers it as the protochloride; but in 
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that case the atom of arsenic would weigh only 23.5, for 
100 : 65 :: 86 : 23.5. There is, probably, therefore, some 
error in the estimate of its composition. 

Chlorate of arsenic has not been examined, but chlorate of 
potassa and metallic arsenic afford a detonating mixture, 
which takes fire with amazing rapidity. ‘The salt and metal, 
first separately powdered, may be mixed by the gentlest pos- 
sible triture, or rather by stirring them together on paper with 
a knife point. If two long trains be laid on a table, the one 
of gunpowder, and the other of this mixture, and they be 
placed in contact with each other at one end, so that they may 
be fired at once, the arsenical mixture detonates with the 
rapidity of lightning, while the other burns with compara- 
tively extreme slowness. 

VI. Iodine and arsenic unite and form a deep red compound, 
which decomposes water and affords arsenic and benniachi 
acids. 

VII. Arsenic and Hydrogen—When tin is dissolved in 
liquid arsenic acid, an inflammable gas is disengaged, as was 
observed by Scheele, consisting of hydrogen gas, holding 
arsenic in solution. It may be obtained, also, by adding 
powdered *metallic arsenic to a mixture of diluted sulphuric 
acid and zinc filings, or by acting on water with a triple alloy 
of arsenic, potassium, and antimony. ‘This alloy may be 
formed by heating strongly, for two hours, in a close crucible, 
two parts of antimony, two of cream of tartar, and one of 
white arsenic. When two or three drachms of this alloy are 
thrown quickly under a jar inverted in water, abundance of 
arsenureted hydrogen is disengaged. (Quarterly Journal, xiii. 
225.) ‘The greatest caution should be used to avoid its delete- 
rious effects, which were fatal to the late M. Gehlen.* 

This gas (to which, perhaps, the name of arsenureted hydro- 
gen is best adapted) has the following properties: 

(a) It is a permanently elastic and invisible fluid, of the 
specific gravity, compared with common air, of 0.5293; but 
its specific gravity is variable, in consequence of the admixture 
of different proportions of hydrogen gas. 


* 95 Ann. de Chim. 110; and Aun, de Chim, et de Phys. ill, 135. 
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, (b) It has a fetid smell, resembling that of garlic. 

(c) It extinguishes burning bodies. 

(d) It is not absorbed by water in any notable doutenl audi 
has no effect on the blue colours of vegetables. 

(e) It burns with a lambent white flame, and a aesurcechie 
odour; and emits, during combustion, fumes of arsenious acid. 
Soap bubbles, blown swith a mixture of this and oxygen gases, 
burn-with a blue flame, a white smoke, and a strong alliaceous 
smell. 

(f) When mingled with chlorine, heat is produced, 5 al 
diminution ensues, ind metallic arsenic is deposited. 

(g) A stream of arsenureted hydrogen gas, issuing from a 
bladder fitted with a stop-cock, and set on fire in a large 
receiver filled with oxygen, burns with a blue flame of uncom- 
mon splendour. 

(h) One cubic inch of the gas contains about one-fourth of 
a grain of metallic arsenic. 

(i) When 106 measures, in an experiment of Gay Lussac, 
were acted upon by heated tin, 140 measures of hydrogen were 
evolved. Hence three volumes of hydrogen are, probably, i in 
this gas, condensed into the space of two. 

A solid compound of hydrogen and arsenic may be formed, 
by acting on water with an alloy of potassium and arsenic ; 
and, of course, much less hydrogen gas is evolved, than the _ 
same weight of uncombined potassium would liberate from 
water. It is described, by Gay Lussac, as separating in ches- 
nut-brown coloured flocks. ‘There appears, indeed, to be a 
strong aflinity between hydrogen and arsenic; for Berzelius 
found that the recently prepared metal, when distilled along 
with oxide of tin, gave a drop or two of water. It must, there- 
fore, have yielded Riooe to the oxygen of the oxide. 

VIL. Sulphur and arsenic.—The sulphurets of arsenic have 
been examined by Klaproth, Laugier,* and _ Berzelius.+ 
There are two sulphurets of this metal, both of which are 
found native, a red compound, called Realgar, and a bright 
yellow one, named Orpiment. ‘They may also be formed 
artificially, the red by heating white arsenic with sulphur; 


* Ann, de Chim. et Phys. v. 179. ft Ann. of Phil, xv. 359, 
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the yellow by dissolving white arsenic in muriatic*acid, and 
precipitating by hipdtousul ptiuitet of ammonia. Laugier and 
Klaproth found 


In realgar ...... 100 arsenic united to 43.67 sulphur. 
In orpiment...,.. 100 ditto 63.93 ditto. 


It appears, therefore, that orpiment and realgar are both 
sulphurets of arsenic, containing sulphur in the proportions of 
1 to 11, or of 2to 3. Now these are usually the proportions, 
in which oxygen, in the arsenious and arsenic acids, is united 
with arsenic. ‘The quantity of sulphur, also, which, with 100. 
of arsenic, forms realgar, so nearly agrees with that of the 
oxygen which, with 100 of arsenic esis arsenious acid, that 
we may conclude them to be precisely the same, and the same 
may be observed of the quantities of sulphur and oxygen in 
orpiment and arsenic acid. ‘Therefore 


In realgar ..... 100 arsenic are united with 42.11 sulphur. 
In arsenious acid with 42.11 oxygen. 
In orpiment.... —————-—————— with 63.16 sulphur. 
In arsenic acid... with 63.16 oxygen. 


If we consider realgar as the protosulphuret, orpiment will 
then be a sesquisulphuret, and the weight of the atom of arsenic, 
deduced from the protosulphuret, ith still be ied for 42.11: 
TOO S86 765% 

Orpiment is employed in calico-printing to de-oxygenate 
indigo, which thus becomes capable of attaching itself to the 
cloth. M. Braconnot recommends realgar for dyeing wool, 
silk, or cotton, of a fine yellow colour. Having mixed 1 part 
of sulphur, 2 parts of white arsenic, and 5 of potash of com- 
merce, melt them ina crucible at a heat near that of redness. 
The yellow mass thus obtained is to be dissolved in hot water, 
and filtered. Itis then to be diluted, and sulphuric acid poured 
into it, of such strength as to produce a fleecy precipitate of a 
superb yellow colour. This dissolves with facility in ammonia, 
and gives a yellowish liquor, into which is to be poured an 
excess of ammonia for the purpose of discolouring it entirely. 
Goods plunged into this solution come out colourless, but they 
assume a fine yellow as the ammonia evaporates. ‘The colour 
is durable, and resists acids but not alkalis. (Ann. de Chim, 
et de Phys. xii. 98.) 


- 
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TX. Arsenic combines with most of the metals, which. it 
generally renders brittle. With iron, zinc, and tin, it affords 
white brittle compounds. It unites with copper into a white 
alloy, as may be shown by confining a few grains of metallic 
arsenic, or of white arsenic mixed with black flux, between 
_ two copper plates, and heating them. ‘The copper will acquire 

a white stain. | 


rei 
SECTION XxX. 


Molybdenum. 


J. Tue most common ore of molybdenum was long mis- 
taken for plumbago, or carburet of iron, to which it bears, 
externally, a strong resemblance. It is, in fact, a combina- 
tion of sulphur and the oxide of molybdenum. ‘These two 
components may be separated by repeated distillation with 
nitric acid. To the ore of molybdenum, in a retort, six 
times its weight of nitric acid are to be added, and the mix- 
ture distilled to dryness. This process must.be repeated four 
or five times; and, at its close, both the sulphur and molyb- 
denum will be acidified. ‘The sulphuric acid is expelled by 
heating the mass in a crucible; and any remaining portions 
are to be washed off with distilled water. The residue 
(molybdic acid) is a white heavy powder ; which has an acid and 
metallic taste; has the specific gravity 3.4; is soluble in 
about 1000 parts of water; and forms salts with the alkalis 
and earths. The acid is reduced by making it into a paste 
with oil, and exposing it, bedded in charcoal in a crucible, 
to an intense heat. Or (as Hielm recommends), the ore of 
molybdenum may be repeatedly roasted in a moderate red- 
heat, till the whole is reduced to a fine powder, which may 
be passed through a sieve. ‘The powder is to be dissolved in 
ammonia, the solution filtered, and evaporated to dryness. 
The residuum, being moderately heated with a little nitric 
acid, gives a white powder, which is the pure oxide of 
-molybdenum.. This may be metallized by exposure to an 
. Intense heat with oil or powdered charcoal. 

II. Molybdenum has a whitish yellow colour, but its frac- 
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ture isa whitish grey. It has not, hitherto, been obtained 
in any form, but that of small brittle grains. It is almost 
infusible by any artificial heat. Its apeetia biel is 8.6115 
according to Hielm it is.7.4. ) 

It is readily oxydized when ies in: ‘contact wih alr, 
and. is converted into a white oxide, which is volatilized in 
small brilliant needle-shaped crystals. ‘This compound has 
acid properties. 

III. The nitric and nitro-muriatic sill and sblostnd, are 
the only solvents that act on molybdenum. 

IV. The muriatic, and other acids, act on its oxides, and 
afford blue solutions. 

There appear to be only two well ascertained compounds 
of molybdenum and oxygen. The first is the molybdic 
acid already described. It is composed, according to 
Bucholz, of 
Molybdenum .... 66.7 4.06. 100 
Oxygen. .eseeeee 353 eeeees 50 


En weren 


100. 


Berzelius states the metal at 65.5, and the oxygen at 
34.5 in 100 grains of molybdic acid, or 100 metal + 52.7 
oxygen. 

When one part of powdered molybdenum, and two parts 
of molybdic acid, are triturated in ‘boiling’ water; then 
filtered; and the solution evaporated at a temperature not 
exceeding 120° Fahrenheit, we obtain a fine blue powder, 
which is molybdous acid. Dr. Thomson found that it is easily 
formed by heating together a mixture of molybdic and muriatic 
acids, and continuing the heat, till all the muriatic acid is 
driven off. This acid is more soluble in water than the 
molybdic, and its solution reddens vegetable blue colours. 
It is stated by Bucholz to consist of : 

| Molybdentr ss. 74-5 se sence LUO 
Oxygen PU PQ RON 4h 984 
_, 100. . . . 

It seems not improbable that there is an oxide, containing 

a smaller proportion of oxygen than the molybdous acid ; 
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and that this acid is constituted of two atoms of oxygen to 
one of metal. On this supposition the atom of molybdenum 
must weigh about 48; and, in molybdous acid, the metal 
must be combined with two atoms of oxygen, weighing 16 ; 
and in molybdic acid with three atoms, weighing 24.. The 
oxide, consisting of one atom of metal and one atom of 
oxygen, remains to be investigated. According to Dr. Thom- 
son, it may be obtained iy dissolving molybdic acid in 
ammonia, evaporating to dryness, and exposing the dry mass, 
covered with charcoal powder, to a white heat in a covered 
crucible. The oxide will be found at the bottom of a crys- 
tallized shape, and of a copper brown colour. It is 
incapable of forming salts with acids. Leckie of Chemistry, 
i. 564.) 

The enbapiodatin and mobibdtc acids unite vith salifiable 
bases, and form distinct classes of salts. The latter acid is 
changed into the former, by some of those metals that power- 
fully attract oxygen. Thus a solution of molybdic acid, in 
which a small rod of tin or zinc is immersed, becomes blue, 
in consequence of the partial disoxygenation of the acid; and 
on the same principle recent muriate of tin throws down, 
from molybdate of potassa, a fine blue precipitate. ‘The effects 
of a variety of re-agents upon this salt are exhibited in a 
Table in the second volume of Dr. Thomson’s First Principles 
of Chemistry. The molybdic acid itself decomposes the 
nitrates of silver, mercury, and lead; and ihe nitrate and 
muriate of baryta. 

Native molybdate of lead from Carinthia; seule by Mr. 
Matchett (Phil. Trans. 1796), contains 39.5 molybdic acid + 
60.5 protoxide of lead, a proportion not very remote from that 
of 72 to 112, the equivalents of those two compounds, 
thereby confirming the view that has been taken of molybdic 
acid. 

V. Molybdenum unites readily with sulphur, when one part 
of molybdic acid is heated with 5 parts of sulphur, and we 
obtain a substance similar to the one from which the metal was 
originally procured. One hundred parts of the metal combine 
with 67 of sulphur, or 48 parts with 32; hence the compound 
is a bisulphuret, 
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SECTION XXI. 
Chromium. 


Tuis metal was discovered by Vauquelin in 1797. It is 
found in an acidified ‘state, combined with oxide of lead, in 
the red-lead ore of Siberia; in the state of an oxide, in the 
green ore accompanying the red one; in the emerald, to which 
it communicates its green colour; and in some meteoric stones. 
A compound. of chromic oxide with oxide of iron has also 
been discovered in France, in America,* and in Shetland,f 
and.is a much more abundant product than the lead ore of 
Siberia, being found in large masses. | 

1. To separate the chromic acid from red-lead ore, the ore, 
reduced to powder, is boiled with twice its weight of carbonate 
of potassa. An orange-yellow solution, composed of potassa 
and chromic acid, is thus obtained; and when; to this, a 
mineral acid is added, and the liquor is evaporated, we obtain, 
1. the salt formed by the acid, which has been united with the 
potassa; 2. the chromic acid, in long ruby-coloured prisms. 
From this acid the chromium may be obtained by heating it 
with charcoal, inthe manner already often described. In the 
crucible a metallic mass is found, of a greyish white colour, 
formed of a number of needles crossing each other. 

Chromate of iron, however, from the greater plenty in 
which it is found, is a much cheaper source of chromic acid. 
After reducing it to fine powder, it is to be mixed with half 
its weight of nitrate of potassa, and heated strongly for an hour 
or two in acrucible. The. mass is to be repeatedly digested 
with water, and the coloured liquids, which are slightly alka- 
dine, saturated with nitric acid, and concentrated by evapora- 
tion, till no more crystals of nitre can be obtained from them. 
The yellow liquid, being now set aside for a week or two, 
deposits a copious crop of yellow crystals in small needles. 


* Thomson’s Annals, v. 75. and N.S, iv. 76. 

+ By Dr. Hibbert. See his Description of the Shetland Islands, 4to. It 
does not appear certain whether in the so called chromate of iron, the metal 
is acidified, or merely oxidated. Dr. Thomson is disposed to consider itas _ 
a bichromite of iron, or as constituted of 2 atoms deutoxide of chromium 
and | atom of peroxide of iron. 
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These are to be separated, dissolved in water, and crystallized 
over again. They are then sufficiently pure chromate of potassa. 
From the solution of these crystals, or indeed from the yellow 
liquid, nitrate of mercury throws down a red powder, which 
is chromate of mercury. © When sufficiently heated, this com- 
pound is decomposed, and yields chromic acid or chromic 
oxide, from either of which metallic chromium may be 
obtained, by heating it violently with charcoal in a crucible. 

IL Chromium is of a greyish white colour, resembling that 
of iron. It is brittle and difficult of fusion. Its specific 
gravity is 5.9. 

When exposed\to the combined action of heat and air, it is 
changed into a green protowide, easily soluble in acids. Dr. 
Thomson obtained this oxide by dissolving a quantity of 
chromate of potassa in water, and adding tartaric acid to the 
solution. The chromic acid was thus changed into a fine 
green protoxide, which was precipitated by ammonia, then 
washed; and dried inthe air. In this state it isa fine powder, 
exceedingly ‘light, tasteless, and dissolving with facility in 
acids.| When gradually heated to redness out of the contact 
of air, it lost a quantity of water, equivalent to 26 atonis, 
which had been united with 1 atom of protoxide, a proportion 
of water greatly exceeding that found in any other metallic 
by aralh : 

~The deutoxide ie chromium may: be obtained, pa res 
with soda, by digesting crystals of chromate of soda-in alcohol. 
The salt becomes green owing to the formation of protoxide, 
and when dried and repeatedly digested in nitric acid, this is 
changed into’ a brown deutoxide. The excess of nitric acid 
“may be expelled by heat, and the residue dissolved in water. 
It is a compound of deutoxide of chromium with soda, or a 
chromite of soda. (Thomson.) 

On the metal itself, the nitric is the bul, acid which pro- 
duces any remarkable effect, for, by repeated distillation with 
it, chromium at length is acidified. The chromic acid may be 
more abundantly obtained, by mixing nitrate of baryta with 
chromate of potassa, Chromate of baryta is formed, and may 
be decomposed by adding its equivalent of sulphuric acid, 
which precipitates the baryta, leaving the chromic acid in 
solution. 


SECT XXI. CHROMIUM. 63 


The atomic constitution of the oxides and acid of chromium 
have not been determined by direct experiments; but, from 
the analysis of the chromates of lead and baryta, it appears to 
be sufficiently established, that 52 is the relative weight of the 
atom of chromic acid. Now it is probable that chromic acid 
is a compound of three atoms of oxygen and one of chromium. 
We have therefore the atomic weight of chromium 52 — 
24. = 28. . 

Chromium. Oxygen. At. Wt- 

Protoxide of chromium.... 1 atom.... l atom .. 36 > 

Deutoxide (Chromous acid). 1 atom.... 2 atoms.. 44 — 

Chromic acid ............ 1 atom.... 3 atoms... 52 


III. Chromic acid may be obtained, by evaporating its 
solution, in fine ruby coloured crystals. It has a sour metallic 
taste. When heated, it parts with oxygen, and is conyerted 
into protoxide. It unites readily with alkaline and earthy 
bases. ; 

Chromate of potassa forms ‘crystals, the primary shape of 
which is a right rhombic prism. (Ann. of Phil. vi. 120.) 
Their colour is an intense lemon yellow, with a slight shade 
of orange. The colouring power of this salt is so great, 
that 1 grain in 40.000 grains of water forms a solution which 
is perceptibly yellow. Its taste is cooling, bitter, and very 
disagreeable, remaining long in the mouth. One hundred 
parts of water at 60° dissolve about 48 parts, but boiling 
water dissolves almost any quantity. It is insoluble in alcohol. 
Its solution in water decomposes most. of the metallic salts; 
those of lead of a beautiful yellow colour, now much used as a 
pigment; those of mercury of a fine red; copper and proto- 
salts of brown; silver, dark red. canine to Dr. Thomson, 
who has lately investigated it with Salih care, chromate of 
potassa is anhydrous ae is composed. of 


1 atom of chromic acid = 52 
1 do. of potassa ...... = 48 


ee BET 


100 ies 


_ Tassaert, Jun. has endeavoured to show that this salt is in 
fact a sub-chromate, since it always affects colour tests like an 
alkali, and that in this respect chromium resembles arsenic and 


‘ 
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phosphorus, which also afford acids that form with alkalis 
only sub-salts or supersalts. (An. de Ch. et de Ph. xxii. 51.) 
It is not, however, the action of salts upon tests, but their 
atomic constitution, that determines whether they are to be 
considered as neutral or otherwise. 

Bi-chromate.— When to a solution of these crystals in water, 
such, a quantity of sulphuric acid is added, as to give the 
liquor a sour taste, and it is set aside for 24 seit small 
regular needles are deposited ; or sometimes rectangular tables 
of considerable size, and of a beautiful orange fed colour. 
These crystals (figured by Mr. Levy, in Quart. Journ. xv. 
287.).are the bi-chromate of. potassa. ‘They are much less 
soluble in water than the chromate; for 100 parts at 60° Fahr. 
dissolve only about 10 parts. The solution has an intense 
orange colour, and reddens vegetable blues. ‘This salt is com- 
posed of ) 

2 atoms of chromic acid = 164 ...... 68.421 
1 atom of potassa ....= 48 .....5 31.579 


152 100. 


The compounds of ammonia, potassa, soda, lime, and mag- 
nesia, with chromic acid, are soluble and crystallizable, and 
are all of an orange colour.. The forms of the salts with base 
of soda. and ammonia, are represented in the Ann. of Phil. 
vi. 286. Those of baryta and strontia are with difficulty 
soluble. The combination of chromic acid with various bases, 
and the properties of the resulting salts, have been fully des- 
cribed by Vauquelin in the 70th volume of Ann. de Chim.; 
by Dr. John in the 4th volume of the Annals of Philosophy ; 
by Dr. Thomson in the 16th vol. of the same work; and by 
-Grouvelle in the 17th volume of Annales de Chim. et de 
Physique. It appears to be doubtful whether any compounds 
exist that can properly be called chromites. 

The principal use, to which chromium has been applied, is 
the preparation of the beautiful pigment, chromate of lead, 
known in commerce by the name of chrome yellow. It is pre- 
pared by mixing the solutions of chromate of potassa and 
nitrate or acetate of lead. Nineteen parts of bi-chromate of 
potassa decompose 41.5 of dry nitrate of lead. The insoluble 
chromate of lead consists of 1 atom of chromic acid + 1 atom 
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of protoxide of lead. (Thomson.) It appears probable, also, 
from the experiments of Lassaigne (Ann. de Ch. et de Ph. xiv. 
299, xv. 76, and xvi. 400,) that chromium admits of being 
successfully applied to the arts of dyeing and calico-printing ; 
and in the latter very striking effects have already been pro- 
duced on the large scale. By boiling together carbonate of 
lead with an excess of chromate of potassa, Dulong produced 
a red subchromate of lead. (Ann. de Chim. Ixxxii. 292.) This 
Mr. Badams has shown to be constituted of an atom of chro- 
mic acid and 2 atoms of protoxide of lead, and he has pro- 
posed the use of it for giving a permanent scarlet colour to 


cotton. (Ann. of Phil. N.S. ix. 303.) 


—_—{— 
SECTION XXII. 
Tungsten. 


I. Tungsten may be obtained from two different minerals. 
The one, consisting of the tungstic acid, united with lime, 
is called simply tungsten. In the other, termed Wolfram, it 
is united with iron and manganese.* Its extraction from the 
former is the most simple process. One part of the tungstate 
of lime, and four of carbonate of potassa, are fused together, 
and the mass is dissolved in 12 parts of boiling water. Nitric 
acid is then added, which unites with the potassa, and pre- 
cipitates tungstic acid. This acid, when reduced in the usual 
manner, yields tungsten; but the process is a very difficult. 
one, and frequently fails of success. Professor Clarke has 
succeeded in effecting ‘its reduction by the oxygen and 
hydrogen blow-pipe.} 

The tungstic acid may, also, be obtained from: Wolftamy. 
by fusion ttt three times its weight of nitrate of potassa; 
or with twice its weight of péirieta of potassa. The fused 
mass, dissolved in boiling water, and filtered, gives, on the 
addition of nitric acid, a precipitate of tungstic acid. Or 
Wolfram, reduced to a fine powder, may be boiled with three 
times its weight of muriatic acid. As soon as the acid becomes 


* Berzelius, Ann, de Chim. et de Phys. iil. 261. 
+ Thomson’s Annals, x. 376. 
VOL, Il. F 
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hot, .a yellow powder appears, and the liquid becomes brown. 
When cold, devant the clear liquid, and wash the sediment 
repeatedly with water; then digest it, for some hours, with 
liquid ammonia, which will take up a part. Repeat these 
operations,’ till they cease to act on the substances, Lvapo- 
rate the ammoniacal solution to dryness, and calcine the salt. 
The acid of tungsten remains, in the proportion of more than 
half the weight of Wolfram which has been employed. Other 
methods of forming tungstic acid are described by Bucholz.* 
II. Tungsten has the following characters : 

/. 1. It has a greyish white colour, like that of iron, and a 
good deal of brilliancy. It isnot magnetic. Its specific gra- 
vity, according to D’Elhuyarts, is 17.6; or, according to 
Messrs. Allen and Aikin, 17.22. Bucholz makes it the mean 
of these two numbers, viz. 17.4. Tungsten is only, therefore, 
surpassed in density by gold and platinum. 

2. It is extremely hard and brittle. It requires, for fusion, 
a temperature of at least 170° Wedgewood. 

3. It is oxidized by the action of heat and air. Its first oxide 
is flea brown. When heated, it burns like tinder, and is con- 
verted into the second which is yellow, and is commonly ter- 
med tungstic acid. 

HI. The tungstic acid has no taste; has the specific gravity 
6.123 is difficultly fusible except by intense Galvanic action, 
which partially reduces it; it is insoluble in water ; but remains 
suspended in it, and in this state has no action on vegetable 
colours. Exposed to heat in a platinum spoon, it assumes a 
deep green colour. Calcined with the contact of air, its yel- 
low colour becomes deeper, and passes to a green, and, after 
some hours, to grey. ‘The deficiency of several acid properties 
induced. Vauquelin to withdraw it from the class of acids, and 
to arrange it among the oxides. 

The tungstic acid is composed, as appears from the experi- 
ments of Bucholz, of 20 parts oxygen and 80 metal; suppos- 
ing the acid to consist of an atom of metal and three atoms of 
‘oxygen, this would give 96 for the equivalent of tungsten, (for 
20: 80:: 24:96) and 120 for that of tungstic acid. 

When hydrogen gas is. passed over carlined tungstic acid, 


* Thomson’s Annals, vi. 198, 
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a chocolate powder is obtained, which neither combines with 
acids nor with bases. Berzelius finds it to be an oxide, the 
oxygen in which is to that in the acid in the proportion of 2 
to 3. (Ann. de Chim. et de Phys. xvii. 16.) Therefore in 
this compound 96 of metal are united with 16 of oxygen very 
nearly. Tungstate of lime was found by Klaproth to consist 
of 77.75 acid + 22.25 lime; but Berzelius’ states its com- 
ponents to be 80.4 acid + 19.6 base; which last proportions 
nearly agree with those of 120 acid to 28 base. From the 
analysis of tungstates of soda and ammonia, however, Dr. 
Thomson concludes that 150 is the atomic weight of tungstic 
acid, and, deducting 24 oxygen, 126 that of tungsten (First 
Prince. of Chem. 11. 70.) | 

IV. Berzelius has lately examined also the sulphuret of 
tungsten, with the view to determine the capacity of satura- 
tion of that metal. He heated together one part of pow- 
dered tungstic acid, and four of sulphuret of mercury. The 
latter metal was expelled, and a blackish grey compound 
remained, not unlike sulphuret of copper. On analysis, it 
afforded | 

| Atoms. 
DLungsten jo4 00) F489) 66051009) sala Ds a's wie 96 
Sulphuryiees sds 2E1090 erie SHi58s waa2s saaliomen, Ste 


100. 130. 


One hundred parts of the sulphuret, calcined so as to expel 
the sulphur and oxidize the metal, gave 93.5 of tungstic acid ; 
and, as that quantity of acid must contain 74.891 metal, 100 
should contain 80.09, which agrees with the experiment of 


Bucholz. It may be remarked, that the sulphur in the sul- 


phuret is rather more than double the oxygen in the new 
oxide obtained by Berzelius, but the difference is not greater 
than may be accounted for by the unavoidable errors of the 
experiments. Consisting of two atoms of sulphur and one 
of metal, it is in fact to be considered as a bi-sulphuret of 
tungsten. 
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SECTION XXIII. 
Columbium. 


CoLuMBIuM was discovered in 1801 by Mr. Hatchett, in a 
mineral belonging to the cabinet of the British Museum, sup- 
posed to be brought from Massachusetts in North America. 
By alternate fusion with potassa, and digestion with muriatic 
acid, the mineral was decomposed ; the acid combining with 
oxide of iron, and the alkali with a peculiar metallic acid, 
separable by the addition of diluted nitric acid, which threw 
down a copious white sediment. 

This acid was not reduced by Mr. Hatchett, who, however, 
from its properties, entertained little doubt that it hasa metal- 
lic base. It is insoluble in nitric acid; but when fresh preci- 
pitated, it combines both with the sulphuric and muriatic. 
It unites also with alkalis, and both solutions are colourless. 
Prussiate of potassa gives an olive-coloured precipitate; tinc- 
ture of galls, a deep orange; and hydro-sulphuret of aIBNNAHIA; 
one of a chocolate colour. 

_A metal, analogous in its properties to columbium, was dis- 
covered by Mr. Ekeberg, a Swedish chemist, in two different 
fossils, called. ’T'antalite and Yttro-tantalite, both of which are 
found in Finland. ‘To this metal he gave the name of éanta- 
lum. In the one it occurs combined with iron and manga- 
nese; in the other, with the earth yttria.* From these ores 
it is obtained, by treating them alternately with caustic fixed 
alkali, and muriatic or nitro-muriatic acid. The alkaline 
solution being supersaturated with an acid, lets fall a white 
powder, which is oxide of tantalum. ‘The following are the 
characteristic properties of tantalum, as enumerated by Mr. 
Kkeberg; 

1. It is not soluble in any acid, even the nitro-muriatic, in 
whatever state the mineral is taken, and whatever means are 
employed. 

2. Fixed alkalis attack it when fused with it in consider- 
able excess, and dissolve a considerable quantity, which may 


afterwards be precipitated by acids, even by the carbonic. 
Bilan pore Sipe eee Ree ol a . e 


* See Ann. de Chim, xliii. 281. 
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3. The oxide of this metal is white, and does not acquire 
any colour, by exposure to a high temperature with access of 
air. Its specific gravity, after being made red-hot, is 6.500. 

4. It melts with phosphate of soda, and with borax, but 
does not impart to them any colour. 

5. The oxide of tantalum, ignited with charcoal, melts and 
agelutinates. It then presents a metallic lustre, and a shining 
fracture of a greyish black colour. Acids change it again into 
a white oxide. 

Though the oxide of tin and of tungsten are equally soluble 
with that of tantalum in fixed alkalis, yet the former is easily 
reduced, furnishing a ductile metal; and the oxide of tungsten 
dissolves in ammonia, is changed to a yellow colour by acids, 
and communicates colour to phosphate of soda and borax. 
The oxide of titanium * differs from this, in being soluble by — 
acids, and in tinging borax and phosphoric salts, when fused 
with them. 

Considerable doubts had been entertained by several che- 
mists, whether any essential difference exists between colum- 
bium and tantalum; but their identity appears now to be 
fully established by the experiments of Dr. Wollaston. Hav- 
ing procured specimens of the tantalite and yttro-tantalite, 
from which tantalum may be separated, he compared its pro- 
perties with those of oxide of columbium, furnished by Mr. 
Hatchett, and. obtained from a specimen in the British 
Museum. | 
_ The external characters of the mineral, ' which yields colum- 
bium, closely accord with those of tantalite. Both, also, yield 
a white oxide, combined with iron and manganese, and as 
nearly as possible in the same proportion. The white oxide, 
though not absolutely insoluble in sulphuric, nitric, and muri- 
atic acids, is (from whichever mineral it has been obtained) 
very nearly so. Its appropriate solvent is potassa, which does 
not require to be absolutely free from carbonic acid. ‘The 
whole of the oxide, thus dissolved, may be precipitated by an 
acid, and it is not re-dissolved by an excess of acid. The 
oxides from both minerals agree, also, in being soluble, when 
fresh precipitated, by oxalic, tartaric, and citric acids, Eke- 


* Thomson’s Annals, iy, 467, 
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berg, however, we are informed by Berzelius,* discovered, «in 
a sample of the mineral from the British Museum, a consider- 
able quantity of tungstic acid, to which it owes.its acid pro- 
perties ; and its other constituent he found, with Dr. Wollas- 
ton, to be oxide of tantalum. 

Infusion of galls, prussiate of potassa, and hydro-sulphuret 
of potassa, occasion no precipitation from the alkaline solution 
of either of these oxides; and, when a sufficient quantity of 
acid has been added to neutralize the redundant alkali, infu- 
_ sion of galls only throws down a precipitate which, in bath 
cases, is of an orange colour. From these coincidences, there 
can be little,room to doubt of the identity of tantalum with 
the. characteristic ingredient of columbium. ‘The identity of 
columbium and tantalum being now established, it seems due - 
to its first discoverer, Mr. Hatchett, to distinguish it in future | 
by the former name. Columbium has lately been reduced toa 
metallic form by Berzelius. His method consisted in intro- 
ducing the oxide, which had previously been strongly heated, 
into a cavity about one inch and a half deep, and of the diame- 
ter of a goose quill, artificially formed in a piece of charcoal. 
To this cavity a stopper of charcoal was fitted, and the whole, 
inclosed in a Hessian crucible, was exposed to a violent fire 
during an hour. From four experiments, similarly conduct- 
ed, he inferred the composition of the oxide to be 


Tantalum vey’ a . Oe OA ae at B00; 
Oxygen esee@sscoeoeoeoaosew02 eed @ 5.2 eben SOU488 


100. 


If this be the protoxide, the equivalent number deduced for 
columbium will be 144, and for the oxide 144 + 8 = 152. 

The specific gravity of a specimen of the metal, sent by 
Berzelius to this country, was found by Dr. Wollaston to be 
5.61; but as the mass was porous, its real specific gravity is _ 
probably much higher. Its colour was dark grey, and when 
scratched with a knife, or rubbed against a fine grindstone, 
it assumed the metallic lustre, and the appearance of iron. 
By trituration, it was reduced toa powder, which was desti- 
tute of metallic lustre, and completely insoluble, even by 


* Thomson’s Annals, iv. 467. 
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several. days’ digestion, in muriatic, nitric, or nitro-muriati¢ 
acid. Like chromium, titanium, iridium, and rhodium, it 
is incapable, therefore, of being oxidized by acids, and in 
order to be oxidized requires to be fused with caustic potassa. 
At a red‘heat, the metal takes fire, and burns with a feeble 
flame. It detonates, also, when mixed with nitre, and pro- 
jected into a red hot crucible. With other metals, it unites 
~ and forms alloys.* 


SECTION XXIV. 
Antimony. 


JT. Antimony, as it occurs under that name in the shops, 
is a natural compound of the metal with sulphur, in the pro- 
portion, as stated by Proust, of 75 antimony and 25 sulphur. 
To obtain antimony in a metallic state, the native sulphuret 
is to be mixed with two thirds its weight of bi-tartrate of 
potassa (in the state of crude tartar,) and one third of nitrate 
of potassa deprived of water of crystallization. ‘The mixture 
must be projected, by spoonfuls, into a red-hot crucible; and 
the detonated mass poured into an iron mould greased with 
alittle fat. The antimony, on account of its specific gravity, 
will be found at the bottom adhering to the scorice, from 
which it may be separated by a hammer. Or two parts of 
_the sulphuret may be fused in a covered crucible with one of 
iron filings, and to these, when in fusion, half a part af nitre 
may be added. The sulphur quits the antimony, and com- 
bines with the iron. 

In order to obtain antimony in a state of complete purity, 
the metal, resulting from this operation, must be dissolved in 
nitro-muriatic acid, and the solution poured into water. A 
white powder will precipitate, which must be dried, mixed 
with twice its weight of crude tartar, and fused in a covered 
crucible, when ne pure metal will be produced. 

II. Antimony i in its metallic state (sometimes called regulus 
of antimony) is of a silvery white colour, very brittle, and of 


* Ann, de Chim. et de Phys. iii, 140; Thomson’s Annals, vili. 233. 
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_ a plated or scaly texture. Its specific gravity, taken by Mr. 
: esehets was 6.712; by Dr. Thomson, 6.424. 

“dt is fusible by a heat‘of about 810° Fahrenheit; and crys- 

tallizes on cooling, in the form of pyramids. In close vessels 
it may-be volatilized, and collected unchanged. 
- III: Oxides of antimony.— Antimony undergoes little change 
when exposed to the atmosphere at its ordinary temperature ; 
but when fused, with the access of air, it emits white fumes, 
consisting of an oxide of the metal. When a small fragment 
is placed on charcoal, and exposed to the flame of a blow-pipe 
supplied with oxygen gas, it burns with great brilliancy ; and 
a dense yellow smoke of oxide arises from it. This oxide had 
formerly the name of argentine flowers of antimony. The 
vapour of water, brought into contact with ignited antimony, 
is decomposed with so much rapidity, as to produce a series 
of detonations. 

Considerable differences exist among chemists, as to the 
composition of the oxides of antimony. -According to Proust, 
(Journ. de Phys. lv.) they may all be reduced to two. The 
first may be obtained by pouring muriate of antimony into 
water; washing the precipitate, first with a very weak solution 
of potassa, and afterwards with water; and then drying it. 
It has a dirty white colour, melts at a moderate red heat, and 
becomes opaque on cooling. ‘The peroxide may be procured 
by collecting the flowers of antimony already described, or by 
acting on the metal with nitric acid, and expelling the redun- 
dant acid by heat; or by projecting powdered metallic anti- 
mony into red hot nitre. ‘This oxide is of a perfectly white 

colour, is less soluble than the former in water, less fusible, 
and may be volatilized at a lower temperature. The two 
oxides are composed, according to Proust, as follows: 


The first of | 100 antimony + 22.7 oxygen. 
The second of 100 antimony + 30. oxygen. 


Berzelius* has described four compounds of oxygen with 
antimony ; but the first, obtained by the long exposure of the 


* 86 Ann. de Chim, 225. 
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metal to a humid atmosphere, or by making that metal the 

positive conductor in a galvanic arrangement, which he has. 
called suboxide, cannot is considered as a definite compound. 
The next, which is the true protoxide, may be obtained from: 
muriate of antimony in the manner already described ; -or by 
boiling 50 parts of powdered metallic antimony with 200 of 
concentrated sulphuric acid to dryness; washing the remainder, 

first with a weak solution of potassa, and then with hot water, 

and drying; or.by precipitating the compound called emetic 
tarlar with pure ammonia, and edulcorating the precipitate 
with plenty of hot water. This oxide fuses at a red heat, and, 
on cooling, becomes an almost white mass resembling asbestos. 
It appears to be the only oxide of antimony which is capable 
of acting as a true base with acids, and is that which gives 
activity to the principal medicinal preparations of that 
metal. 

The second or white oxide was formed by Berzelius by dis- 
solving metallic antimony in nitric acid, and evaporating and 
igniting the product; or by dissolving the metal in nitro-mu- 
riatic acid, decomposing by water, washing the precipitate, 
and calcining it in a platinum crucible. When calcined suf- 
ficiently, and not too much, its colour is perfect or snow 
white. 

The third or yellow oxide was obtained By fusing a mixture 
of one part powdered metallic antimony and six of nitre, 
during an hour, in a silver crucible, and. washing the fused 
mass first with cold and then with boiling water. ‘othe pro- 
duct, first evaporated to dryness, nitric acid was added, and 
the mixture digested several hours. -A white precipitate was 
formed, which, when edulcorated, dried, and gently heated in | 
a platinum crucible, assumed a fine lemon yellow colour. 
This was the peroxide of antimony. Dr. Thomson obtained 
it more simply by dissolving antimony in. nitric acid, evapo- 
rating to dryness, and exposing the product for some hours to 
a heat of 500° Fahr. A yellow powder remained, of which’ 
74 parts, exposed to heat, left 7 of white deutoxide; and 100 
grains by distillation gave very nearly 19 cubic inches of 
oxygen gas. (Ann. of Phil. N.S. ii. 125.) 

The composition of these oxides is thus stated by Berzelius 
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». . Metal. .. Oxygen. Metal. Oxyg. . 
1. "Protoxide ss. .ssseeens e+ 84.82 .. 15.68 | 100 .. 18.6 


Dy Deutoxide.-asgeeteeieee 80-13 ne, 19.87 | 100... 24.8 
3. Peroxide 4. 40.e+0++00%9 12-85 29 21-15,} 100 . . 37-20, 
_ Ditto (corrected 1821*) .. 76.34 ...23.66 |. 100 . PA, Hb 


It. appears, therefore, that Proust and Parsaltie do not 
coincide in their statements. Dr.John Davy’s analysis of the, 
protoxide exactly agrees with that of Berzelius; and the per- 
oxide he considers, with Proust, as composed of 100 metal + 
30 oxygen. (Phil. ‘Trans. 1812.) | 

Dr. Thomson was led, by his experiments, to assign to these. 
oxides the following proportions : 


Protoxide ........ 100 metal + 18.2 oxygen 
Deutoxide........ 100 ‘do. + 27.3° do. 
Peroxide ys. Set LOU U0. tT OG” OO, 


These proportions, it is evident, are more consistent with 
the general law of chemical combination, than the later results 
of Berzelius; though they present, with respect to the deut- 
oxide, the same anomaly as in the case of one or two other 
metals, viz. that the multiple of the oxygen of the first oxide 
is 11, and not an entire number. If Berzelius’s analysis of 
the protoxide be correct, the equivalent number for antimony 
must be 43; but Dr. Thomson’s determination would make it 
44, . Till its composition is decided, we may assume for 


men he equivalent number of antimony.... Ade 


— a arn — of the protoxide 44+ 8 = 52 
—— of the deutoxide 44 + 12 = 56 
of the peroxide..44 + 16 = 60 


’ The peroxide is precipitated from its combinations in the 
form of a white hydrate, 100 grains of which, when exposed 
toa red heat, give 5 grains "of water, and 90.48 grains of 
detitoxide, the saa (4.52) consisting of oxygen. (Barvell ia’ ) 
The deutoxide and peroxide of antimony ought strictly, 
indeed, to’be arranged among acids, rather than among oxides; 
for each of them combines with salifiable bases, and affords a 
class of salts. The first has been called the antimonious acid, 


_* Ann, de Chim. et de Phys. xvii. 16. 
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and its compounds antimonites ; the second the antimonic acid, 
and the salts which it composes antimoniates. 'These names 
appear to me preferable to those which have been derived by 
_ Berzelius, from the Latin appellation stibiwm, viz. stibious, and 
stibic acids. For a detail of the properties of these saline com- 
binations, I refer to the memoir already quoted, and to the 
5th volume of Ann. de Chim. et de Phys. 

IV. Chloride of Antimony.—The combination of antimony 
with chlorine is best effected by distilling together 21 parts of 
bichloride of mercury (corrosive sublimate) and 1 part of 
powdered metallic antimony. ‘The product may be rectified 
by asecond distillation at a low temperature. It was formerly 
known by the name of butter of antimony, on account of its 
consistency. At common temperatures, it is a soft solid, 
which liquefies by heat, and crystallizes on cooling. It deli- 
quiates on exposure to the air, and, when poured into water, 
a precipitate falls, called Algarotti’s powder, which is a sub- 
muriate of the protowide. From this, the muriatic acid is 
removeable by a weak solution of potassa, and the oxide 
remains pure. 

Chloride of antimony consists of 


Chlorine ...... 89.58 ...... 100. or latom = 36— 
Antimony .«.. 60.42 ...... 150.13 or l.atom = 44 


100. ‘Weight of its atom... 80, 


Dr. Thomson has indies also a dichloride of cntieabia 
or compound of 1 atom of chlorine and 2 atoms of antimony. 
(First Prine. ii..44.)— 

Iodide of antimony is of a dark red colour; and, dhe acted 
upon by water, yields hydriodic acid and oxide of antimony. 
A compound of iodine, antimony, and sulphur exists, also 
containing an atom of each ingredient. (Quart. Journ. xviii. 
$97.) f 

VI.. Salts of Antimom rh =—Antimony is soluble in most of 
the acids. When heated with sulphuric acid, the acid is de- 
composed ; sulphurons acid is disengaged; and the antimony, 
being conyerted into. protoxide,, a “on ny bra is the product. 
Miric acid dissolves this metal with great vehemence; but the 
most conyenient solvent is the nitro-muriatic acid, which acts 
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upon the metal both in a separate state, and as it exists in the 
black sulphuret. Muriatic acid acts on the latter compound, 
and evolves sulphureted hydrogen gas in abundance, ‘and of 
great purity, and muriate of ammonia is also formed, and 
remains in solution along with the muriate of antimony. 
(Berzelius, Ann. de Chim. et de Phys. xvii.) 

Phosphate of antimony has not been examined. The medi- 
cinal preparation, called James’s powder, was found by Dr. 
Pearson to consist of 5’7 protoxide of antimony, and 43 phos- 
phate of lime; and it has been imitated in the pulvis antimo- 
nialis of the London Pharmacopeeia, which is formed by’cal- — 
cining the native sulphuret with hartshorn shavings. ‘The pre- 
paration appears to be often uncertain, and even almost inert, 
and to vary as to the state of oxidation in the antimony, con- 
taining sometimes a large proportion of the peroxide.* 

Tartarized antimony, or emetic tartar, is a triple salt of 
protoxide of antimony, potassa, and tartaric acid. It is best 
prepared, according to Mr. R. Phillips (on the London 
Pharmacopceeia, p. 80.) by boiling 100 parts of metallic anti- 
mony to dryness with 200 of sulphuric acid. One hundred 
parts of the resulting subsulphate, boiled in an iron vessel 
with an equal weight of bi-tartrate of potassa, give at the 
first crystallization 90 parts of tartarized antimony; and a 
further quantity may be obtained by evaporating the solution. 
The primitive crystal of this salt is an octohedron with'a 
rhombic base. (Ann. of Phil. N. S. vi. 40.) This salt ought 
to form, with a dilute solution of sulphur et of potassa, an 
orange coloured pr ecipitate. 

Ds, @homeon’sanal ysis leads him to consider its constituents 
to be 

2 atoms tartaric acid, 66 x 2........ = 132 
3 atoms protoxide of antimony, 52 x 3 = 156 
BiAtom or potpssaes ews, VGA Ae as 
Piahouie Ot Water! ss 4 ess s 6s Meee eess ee (LG 


ewer 


354 


An atomic constitution differing considerably from this has 
been given by Dr. Gobel (Ann. of Phil. viii. 151), but the 


* See Mr. R. Phillips'in Ann, of Phil, N, 8. iv. 266, vi, 187, - 
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analysis of Dr. Thomson is confirméd by one.made sonie 
time ago by Mr. R. Phillips, though only lately published, 
except that the experiments of the latter give three instead of 
two atoms of water, making the atomic weight of tartarized 
antimony 363. (Same work, ix. 372.) 

V. Sulphuret of Antimony.—Antimony combines with sul- 
phur, and forms an artificial sulphuret, exactly resembling the 
native compound, which last may be employed, on account of 
its cheapness, for exhibiting the properties of sulphuret of 
antimony. ‘The proportions of its ingredients, as stated by 
Berzelius, differ from those assigned by Proust, viz. 


Antimony ....+. FORG ee PEG BEEN 
DUO An 6 ones S(tl ene mee Thaw wiht SOU 


100. 


onl Thomson’s Sanalysi¢ makes it to consist of 4 seietad + 
16 sulphur, or of 100 metal + 36.36 sulphur. 

1. When native sulphuret of antimony (frequently called sind 
antimony) is slowly roasted in a shallow vessel, it gradually 
loses its sulphur, the metal attracts oxygen, and is mostly 
converted into a grey oxide. This, being melted in a strong 
heat, acquires a reddish colour, and runs into a glassy sub- 
stance, transparent at itsedges, and termed glass of antimony. 
It consists of eight parts of protoxide and one of sulphuret, 
with ten per cent. of silex. The same quantity of oxide and 
two of sulphuret give an opaque compound, of a red colour 
inclining to yellow; and called crocus metallorum. With eight 
parts of oxide and four of sulphur, we obtain an opaque mass 
of a dark red colour, called liver of antimony. In all these 
compounds, the oxide is at its minimum of oxidation ; for the 
peroxide is incapable of dissolving the sulphuret. 

2. When fused with potassa, a triple compound is formed, 
composed of alkali, sulphur and antimony. Or the combina- 
tion may be effected, in the humid way, by boiling the pow- 
dered native sulphuret with pure potassa. ‘The solution, on 
cooling, deposits an hydro-sulphureted oxide, in which the 
oxide prevails, called Kermes mineral. ‘This compound, from 
Dr. Thomson’s analysis, appears to be composed of 1 atom of 
protoxide + 1 atom of sulphureted hydrogen, or of 75.36 of 
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the former + 24.64 of the latter. ‘The addition of a dilute 
_acid: to the cold solution, precipitates a compound called 
golden sulphur of antimony, which may, also, be obtained by 
decomposing chloride of antimony with a sufficient quantity 
of hydrosulphuret of potassa.. From Kermes mineral, this 
compound differs only in containing a larger proportion of 
sulphureted hydrogen ;. for Kermes may be changed into the 
golden sulphur of antimony, by water impregnated with sul- 
Siejealeta hydrogen. | 
“3: When the sulphuret of antimony is detonhited snlve twice 
its weight, or upwards, of powdered nitre, the sulphur is oxy+ 
genated by the oxygen of the nitric acid; sulphate of potassa 
is formed, and an oxide of antimony is obtained, varying in 
its degree of oxidation, with the proportion of nitre which has 
been employed. ‘Ihe oxide remains, after washing away the 
sulphate with boiling water. If four times its weight of nitre 
be employed, the metal gains 32 per cent. of oxygen; acquires 
the characters of an acid; and forms, with potassa, a crystal+ 
lizable. compound, or antimoniate. 
- VI. Alloys of Antimony.—Antimony enters into combina- 
tion with most of the metals. It destroys the ductility of gold, 
even when it composes only z-1,,th of the whole mass, or when 
its fumes alone come into contact with melted gold. ‘The most 
important of its alloys is that which it fast with lead. In 
the proportion of one part to sixteen of lead, it composes the 
metal for printers’ types. It may be alloyed with tin, but if 
its proportion in the alloy exceeds one fourth, the tin loses its 
ductility. Tin, also, by combination with more than <1,th of 
its weight of antimony, acquires the insolubility of the latter 
metal in muriatic acid.* In analyzing compounds of tin and 
antimony, it is necessary first to make an alloy, in which the 
antimony shall not exceed the above proportion of 3th part, 
for then concentrated muriatic acid, by digestion with this 
alloy, dissolves the tin, and leaves the antimony untouched. 


* Ann, de Chim. et Phys, iii, 380. 
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SECTION XXV. 0 ehixolurg 
Uranium. 


Uranium, in the state of an oxide, is occasionally found 
native and pretty pure in uran-ochre and uran-mica; but the 
scarcity of those minerals prevents their being employed for 
preparing the oxide in any considerable quantity. It is more 
commonly obtained from the mineral, in which it was origi- 
nally discovered by Klaproth, called pechblende. In this, it 
exists along with iron, copper, lead, and sometimes with 
arsenic, cobalt, and zinc. The method recommended by 
Arfwedson enables us to free it from all those grr and 1 is 
as follows: 

Finely pulverized pechblende is dissolved, by means of a 
gentle heat, in a mixture of nitric and muriatic acids. When 
the decomposition of the mineral is completed, and most of 
the excess of acid expelled, a little muriatic acid is added, 
after which the liquid is to be diluted with a good deal of 
water. The sulphur, silica, and a portion of the gangue, 
remain undissolved. A current of sulphureted hydrogen must 
now be passed through the liquid, as long as any precipitate 
continues to fall. The liquid is now free from copper, lead, 
and arsenic, but contains iron, cobalt, and a little zinc. Let 
it be filtered, and digested with a little more nitric acid, to 
peroxidize the iron, when its colour will change to yellow. It 
must now be decomposed by carbonate of ammonia, added in 
excess, which will take up the oxide of uranium mixed with 
the oxides of cobalt and zinc, but leaves undissolved a great 
quantity of oxide of iron. ‘The filtered solution is afterwards 
made to boil, and the boiling is continued as long as carbonate 
of ammonia is disengaged. A portion of the oxide of cobalt 
remains in the solution, which acquires a faint reddish colour ; 
but another portion of it, and also the zinc, is precipitated 
along with the uranium. The precipitate is to be collected 
on a filtre, washed, and dried. It is then to be heated to red- 
ness, by which it loses its yellow colour, and becomes dark 
green. In this state it must be digested, some time, in dilute 
muriatic acid, which dissolves the oxides of cobalt and zinc, 
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together with a small portion of peroxide of uranium. Pure 
protoxide of uranium remains undissolved, equal to about 65 
parts from 100 of the mineral. (Ann. of Phil. N. S, vii. 254.) 

Dr. Thomson dissolves the powdered mineral in nitric 
acid ; precipitates by sulphureted hydrogen; filters, and heats 
the solution to drive‘off the excess of that gas; and precipi- 
tates by caustic ammonia. After washing the precipitate, it is 
digested, while still moist, with a pretty strong solution of 
carbonate of ammonia, A fine lemon yellow a eal is ob- 
tained, and a red insoluble matter remains. The solution, 
being set aside during a few days, yields very fine rich yellow 
crystals, which are a triple salt of carbonate of ammonia, per- 
carbonate of uranium, and water. From this salt, protoxide of 
uranium is obtained by exposing it to a red heat, in small 
grains, having a black colour and a good deal of Tele but 
ofa dark green colour when reduced to powder. (First Prine. 
of Chem. ii. 2.) 

Metallic Uranium.—Arfwedson reduced the protoxide of 
uranium to a metallic state by exposing it, heated in a glass 
bulb, to a current of hydrogen gas. The reduction took place 
with such violence, that the matter became red hot; and, at 
the end of the process, which lasted. only a few minutes, the 
green protoxide was changed into a powder of a liver brown 
colour. 2 | 

This substance, which is probably metallic uranium, remains 
unaltered at the ordinary temperature of the atmosphere; but, . 
when heated, it takes fire, swells, and is re-converted into green 
oxide. It is insoluble in muriatic and sulphuric acids, whether. 
concentrated or diluted, but dissolves with facility in nitric 
acid, with an extrication of nitrous gas, and the. solution has 
a lemon yellow colour. One hundred parts of the protoxide 
lost, during this conversion, 3. 53 or 3.54 of their weight, 
leaving a Tana aae amounting to 96.47 or 96.46. But 
96.46 : 3.54 :: 100 : 3.67, a loss corresponding with the 
increase of weight’when the metal is heated to redness... On 
an average of several experiments, 100 parts of | uranium, to | 
become protoxide, combined with 3.688 parts of oxygen; and 
as this last number is to 100, so is 8 to 217, the atomic weight 
of uranium determined by these data. . By the analysis of the 
triple salt, Dr. Thomson, however, arrived at) 208 as the 
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atomic weight.of the metal; and he considers it as impossible, 
by Arfwedson’s method, to come at the exact truth. 

Protoxide of uranium obtained from the percarbonate is of 
a dirty green colour, but if agajn dissolved and thrown down 
by caustic ammonia, and then heated to redness, the protoxide 
is obtained in a black mass, the particles of which cohere 
strongly together. The concentrated acids dissolve it better 
‘than diluted ones, and the solutions are green, Caustic ammo- 
nia precipitates the protoxide from these solutions in brown 
‘flocks inclining to purple; forming a hydrate; and when this 
is dried, the protoxide Peacealy, passes in great part to the 
state of peroxide. Carbonate of ammonia throws down from 
the proto-salts a light green precipitate of proto-carbonate of 
uranium, which, is again dissolved by an excess of the preci- 
pitant. The hydrated protoxide dissolves yery easily in acids, 
but if digested for an hour in water, the chemically combined 
water separates; the matter concretes into a heavy powder of 
small bulk, and is afterwards acted upon with great difficulty 
by acids. 

Peroxide of uranium performs the double function of an acid 
and a base, and has so strong a tendency to enter into com~ 
bination with other oxidized bodies, that it has not yet 
been obtained in an insulated state. If, for instance, we pre- 
cipitate a solution of this oxide in nitric or muriatic acid by 
means of caustic ammonia, the precipitate is a combination of 
peroxide of uranium with ammonia and water, not decom- 
posable by washing. It has probably a lemon yellow colour, 
for this is the colour by which most of its salts are distin- 
guished. 

‘From the decomposition of uraniate of lead by exposing the 
aatvardus salt, ignited, to hydrogen gas, Arfwedson concluded 
that in the peroxide the oxygen is 14 times as great as in the 
protoxide; and as in the protoxide 100 of asap are com-~. 
bined with 3.688 oxygen, in the peroxide the proportion must. 
be 3.688 x 14 = 5.532. Such, also, is the inference of Ber- 
zelius from the analysis of three of the salts of uranium. On 
the other hand, Dr. Thomson considers it to be determined, by 
his own careful analyses of several saline compounds of this 
“metal, that the oxygen of the peroxide i is double that of the 
protoxide, and that they are thus constituted ; . 

VOL, Ie ee 


Uranium. Oxygen. “At: Weight. » 
The protoxide of .... l atom + l atom... 216 
or .... 100 + 3.846] 
at peroxide of ..isd atom + 2 atoms 294 - 
OF 400100! Yip FiE98e 


It is evident then that we are not esacadtee of such clear 
evidence of the composition of the oxides of uranium, as of 
those of most other metals. 

Salts of Uranium.—lIt is difficult to obtain the ‘svdtoleales of 
this metal pure, in consequence of the tendency of the prot- 
oxide to pass to the state of peroxide. The green ‘solutions - 
of the former by sulphuric and muriatic acids become speedily 
yellowish green and yellow, in consequence of the formation 
of peroxide, and the change is accelerated ‘by adding a little 
nitric acid. The pernitrate is formed at once by dissolving the 
protoxide in nitric acid, and from this solution the percar- 
bonate is thrown down by carbonate of ammonia. The per- 
nitrate crystallizes easily in large flat four-sided rectangular 
prisms of a fine lemon yellow colour. Its taste is acid and | 
astringent, it reddens vegetable blues, and is’ exceedingly 
soluble both in water and alcohol, and is precipitated brown 
by prussiate of potassa. From Dr. 'Thomison’s analysis, it 
appears to be a sesqui-nitrate, consisting of 14 atom of acid; 
1 atom of peroxide, and 17 atoms of water. The persulphate 
appears to have a similar constitution, with only 4 atoms of 
water; indeed the tendency of uranium to form’sesqui-salts is 
very remarkable. It has also a great disposition to form 
double salts, such as the potassa-persulphate of uranium, the 
ammonia-persulphate, and the potassa-permuriate of the 
same metal. ‘The peroxide also possesses the properties of an 
acid, and probably forms definite compounds; this. at least 
appeared to be true of the uraniate of vial prepared by 
Dr. Thomson. 

Among the native compounds of uranium, the green uran-mica 
appears, from the experiments of Mr. R. Phillips, to conisist 
of phosphoric acid, peroxide of uranium, oxide of copper, and 
water; and the yellow, from the analysis of Berzelius, of similar 
ingredients, with the substitution of phosphate of lime for 
phosphate of copper. The first may be considered as:a double! 
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sesqui-phosphate of uranium and copper, and the second of 
uranium and lime. Dr. John has discovered, also, a native 
proto-sulphate of uranium in beautiful emerald green crystals, 
and a sub-persulphate, forming an intense sulphur yellow 
coating over the surface of the minerals on which it is found. 

Etitherss uranium has not been applied to any useful purpose 
in medicine-or the arts. 


ai 
SECTION XXVI. 
Cerium. 


I, Cerium was. discovered, by Messrs. Berzelius and 
Hisinger of Stockholm, in a mineral from Bastnas, in Sweden, 
which had been supposed to be an ore of tungsten. This dis- 
covery has been since confirmed by Vauquelin, who, after 
a careful examination of the mineral, concurred in opinion, 
that it contains the oxide of an unknown metal. From the 
planet Ceres, discovered about the same period, it has been 
called Cerium; and the mineral that contains it is termed 
Cerite.* Cerium has since been found by Dr. Thomson to 
compose 40 per cent. of a mineral from Greenland, first dis- 
tinguished as a peculiar species by Mr. Allan of Edinburgh, 
and thence called Allanite. 

II. Owides.—To obtain the oxide of this metal, the cerite, 
after being calcined and pulverized, is dissolved in nitro- 
muriatic acid. . The solution is filtered, neutralized with pure 
potassa, and then precipitated by tartrate of potassa; or, as 
Laugier recommends, by oxalic acid. ‘This precipitate, well - 
washed, and afterwards calcined, is the oxide of cerium. The 
white oxide has been determined by Hisinger,t to consist of 


REPT IUD. 5 5iseiesinin's MOOR Diccnie A> tn ates 
Oxygen, 22.4240, 14.912 .ecoee 17.41 


100, 


* See Nicholson’s Journal, xii. 105. © + Thomson’s Annals, iv. 357. 
G2 
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» “The peroxide, which is obtained by. calcining the white 
oxide, is of a fallow red colour. | It is composed of 


Cerium eee. 79.29 Pe we ote LUO, 
Oxygen eeeecuveves 20.71 eososeo8e 96.115 


100. 


‘ttdhé it appears that the oxygen in the protoxide is to that 
in the peroxide very nearly as 2-to 8. If then we consider 
the former as constituted of 2 atoms of oxygen + 1 of metal, 
the equivalent for cerium will be 92; if of one atom only of 
oxygen + 1 atom of metal, the representative number of 
cerium will be 46; that of the protoxide 54; and that of the 
peroxide 62. , 

III. Salts of Certum.—Sulphuric acid, diluted with four 
times its weight of water, dissolves the red oxide. The solu- 
tion, on being evaporated, yields crystals, some of which are 
orange, and others have a lemon yellow colour. ‘The sul- 
phate is soluble only by an excess of acid. Its taste is saccha- 
rine mixed with acid. Sulphuric acid readily unites also with 
the white oxide; the solution is nearly colourless, but has a 
slight rosy tinge. It has a saccharine taste, unmixed with 
sicialiey and welds white crystals. 


From the analysis of the proto-sulphate of cerium, Dr. 
Thomson finds it to consist of 


1 atom sulphuric acid.......... 40 

1 atom protoxide of cerium .... 58 

3 atoms of water .......00000. 27 

125 
The number thus assigned to the protoxide of cerium is a 
little higher than that derived from Hisinger’s analysis of the 
muriate; but admitting his proportion of the oxygen in the 
peroxide to that in the Proust, their atomic weights will be 

as follows: 


Cerium. Oxygen, At. Weight. 
ORT isi el aces wh inne ale aah aes paid GO) 


Protoxide .... 1 atom + latom.... 58 
Peroxide ....., 1 atom + 11 atom ., 62 
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Nitric acid unites most easily with the white oxide. The 
solution is very sweet, and is not crystallizable. When de- 
composed by heat, it leaves a brick-coloured oxide. 

Muriatic acid dissolves the red oxide; and the solution 
crystallizes confusedly. The salt is deliquescent; soluble in 
an equal weight of water; and in three or four parts of alcohol. 
When this solution is concentrated, it burns with a yellow 
sparkling flame. ‘The dry salt consists of 100 parts of muriatic 
acid united with 197.5 of oxide of cerium. 

An infusion of galls produces, in muriate of cerium, a 
yellowish precipitate not very abundant. A few drops of am- 
monia throw down.a very voluminous one of a brown colour, 
which becomes black and brilliant, by desiccation. By the 
action of heat it assumes a brick-red colour. Da) 

Oxide of cerium unites readily with carbonic acid. This 
union is best effected, by precipitating a solution of the oxide 
with carbonate of potassa. An effervescence ensues; and a 
white and light precipitate is formed, which assumes, on dry- 
ing, asilvery appearance. It contains per cent. 57.9 parts of 
protoxide, 19.1 of water, and 23 of carbonic acid, : 

IV. Sulphureted hydrogen does not unite with cerium. 

V. Properties of the metal.— The attempts of Vauquelin to 
reduce the oxide of cerium produced only a small metallic 
globule, not larger than a pin’s head. ‘This globule was not 
acted upon by any of the simple acids; but it was dissolved, 
though slowly, by nitro-muriatic acid. The solution was 
- fealtial: and gave traces of iron; but it also gave evident 
marks of cerium, by the white precipitate which tartrate of | 
potassa and oxalate of ammonia threw down. The metallic 
globule, also, was harder, whiter, muck more brittle, and more 
scaly in its fracture, than pure cast-iron. When exposed by 
Mr. Children to his powerful Galvanic battery, oxide of cerium 
fused ; and, when intensely heated, burned with a vivid white 
flame, and was partly volatilized. ‘The fused oxide, on ex- 
posure for a few hours to the air, fell into a light brown pow- 
der, containing numerous particles of a silvery lustre. Hence 
cerium appears to be a volatile metal, unless it be volatilized 
in the state of an oxide, which remains to be decided by future 
experiments, | 


86 OF METALS. CHAP, 1X; 


SECTION XXVII. 


Cobalt. 


I, Copatr may either be obtained from a substance, which _ 
may be purchased under the name of Zaffre, by fusing the 
zaffre with three times its weight of black flux; or it may be 
purchased, at a moderate price, in a metallic form. It has 
been found by Stromeyer in a meteoric stone from the Cape 
of Good Hope,* and by others in stones of similar origin. 

- To obtain cobalt in a perfectly pure state, ‘Tromsdorff re- 
commends, that the zaffre should be, three times successively, 
detonated with one-fourth its weight of dry nitre, and one- 
eighth of powdered charcoal. After the last of these opera- 
tions, the mass is to be mixed with an equal weight of black 
flux, and the cobalt reduced. The metal is then to be pul- 
verized, and detonated with thrice its weight of dried nitre. 
This oxidizes the iron to its maximum; and acidifies the 
arsenic; which last unites with the potassa. Wash off the 
arseniate of potassa, and digest the residue in nitric acid. 
This will take up the oxide of cobalt, and leave the oxide of 
iron. Evaporate to dryness; re-dissolve in nitric acid; filter 
the solution; and decompose it by a solution of potassa. ‘The 
oxide of. cobalt; now obtained, may be reduced. by the black 
flux, as before directed. Dr. Thomson obtains the pure metal 
more summarily ee the decomposition of the oxalate of cobalt. 
(Ann. of Phil. N. 8. i. 250.) ' 

Cobalt has a Mats white colour, inclining somewhat to 
pink. Its specific gravity is 7.7; it is brittle and easily 
reduced to powder; is not fusible with a less heat than 130° 
of Wedgewood; and, when slowly cooled, may be obtained 
crystallized in irregular prisms. It is magnetic, and was 
found by Wenzel to be convertible into a magnet, having all 
the properties of the magnetic needle. ‘This quality, however, 
Mr. Chenevix imputes to its contamination oka a small cane 
pity of iron. , rents 


* Thomson’s Annals, ix. 349, 


_ IL, Ovxides of cobalt.—By exposure to the atmosphere cobalt 

is tarnished, but not oxidized to any extent. In an intense 
heat it burns with a red flame; but, if pure, it is not easily 
oxidized by a moderate temperature. Its oxide, formed by 
long exposure to a strong heat with access of air, is of a deep 
blue, approaching to black. This, from the experiments of 
Thenard, appears to be the protowide, which may be obtained,. 
also, by precipitating the nitrate of cobalt with potassa. ‘The 
precipitate, which at first is a bright blue hydrate, becomes 
when dry of so dark a blue as to appear black. It dissolves 
readily in. muriatic acid, giving a solution: which is green 
when concentrated, and red when diluted. Its solutions. in 
sulphuric and nitric acids are always red. { 

When this oxide is exposed to the atmosphere, it viaghalls 
’ absorbs an, additional quantity of oxygen; and becomes olive 
green. ‘Treated with muriatic acid, it gives chlorine gas, and 
a red solution is obtained. This olive compound Sir H. Davy 
suspects to be a mixture of hydrate and oxide of cobalt, and_ 
not a peculiar oxide. 

_ When either of the two preceding oxides. is heated in the 
open air, it passes to a flea-brown colour, which gradually 
becomes black. This is the metal oxidated to its maximum. 
The peroxide dissolves in muriatic acid, with a copious disens 
gagement of chlorine. It is insoluble, however, in sulphuric 
and nitric acids, till it has parted with oxygen enough, to 
reduce it to the minimum state. It is incapable, aiso, of being 
dissolved in pure alkalis, or of tinging vitrifiable mixtures 
blue. 

The black or peroxide, heated for half an pdoy at ical 
bottom of a crucible, loses a part of its oxygen, and is 
reduced tothe state of protoxide. ‘The protoxide is composed, 
| Metal... Oxygen. Metal. Oxygen. 
Adenine to.Proust, of:2 483.5.).da\dBiBaxrak F100. «Leek 
Rolhoff .... 79.56 .. 2144 ...:100 ..27.3 
jpop nega wer hOD) 4 4cBheR 
Ditto (Atomic weight of cobalt 26) 100 . .» 30.76 
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‘And peroxide of cobalt consists, 
Metal. Oxygen. Metal. Oxygen. 
According to Proust, of .. 75 .. 25 .... 100 .. 33.25 
—— Rolhoff ...6 71 4+ 29 +002 100 «2. 40.85 
—— Thomson (At. wi. of cobalt 26) 100 ,. 46.12 
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: ‘Rolhoff ascertained that 100 parts of peroxide of cobalt, 
exposed to a strong heat, lose from 9.5 to 9.9.* ‘ ‘aking the 
mean, 9.7, we haye 100 of the peroxide composed of 9.7 
oxygen + 90.3 protoxide,. the oxygen in which, | according-to’ 
the same authority, is 19.3. Therefore 9.7 +:19.3 = 29, is 
the oxygen in 100 of the peroxide; or 100 of the metal com- 
bine with40.85 oxygen. Hence the peroxide contains 14 times 
as much oxygen as the protoxide; for 27.3 x 14 = 40.95 very 
nearly. If then the protoxide consist of 1 atom of metal -+ IL’ 
atom of oxygen, the equivalent number for cobalt will be 30 
(strictly 29.304); for the protoxide, 38; and for the penpals 
42. / 

IIL. Chloride of cobalt. —Cobalt takes ne when introduced, 
in a finely divided state, into chlorine gas; but the compound 
has not been examined. Mr. Brande, from the analysis of 
the chloride obtained by evaporating muriate of cobalt, .infers 
that 100.of chlorine unite with 91.1 of cobalt; but this would 
give for the equivalent of that metal a higher number (32.54) 
than the number deducible from the composition of the oxide. + 

IV. Salts of cobalt.—Sulphuric acid does not attack cobalt 
unless when concentrated and heated; nor does it readily: dis 
solve the oxide. ‘They may, however, be brought to combine, 
and the resultis a salt in oblique rhombic prisins, enhatinees 
sulphate of iron. 

From the analysis of this salt, Dr. Thbiha shi ie dbdiiend 
that of the atom of protoxide to be 34; and on thesupposition 
that the protoxide is composed of an atom: of oxygen. and. an 
atom of cobalt, the atomic weight of cobalt will be 26. ‘This - 
number, however, is not consistent with the analysis of the 
oxides above stated, for in the peroxide it would increase the 
quantity of oxygen, united with 100 of metal, from 40.85 to 
46.12. ‘The true,.atomic weight of copet ‘hag then to 
require further investigation. 

Dr. Thomson has described also a bisulphate, consisting of 
2 atoms of acid, 1 atom of- base, and $ atoms of water. 

Nitro-muriate and nitrate of cobalt.—The best solvents of 
cobalt are the nitro-muriatic and nitric acids; and the solu- 
tions have the property of forming sympathetic inks. One 
part of cobalt, or, still better, of zaffre, may be digested, in.a 


* Annals of Phil. ii, 356. 
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sand-heat, for’some hours, with four parts of nitric acid. - To 
the solution, add one part of muriate of soda; and dilute with 
four parts of water. Characters written with this solution are 
illegible’ when cold; but. when a gentle heat is applied, they 
assume a beautiful colour, which is invariably blue if the 
cobalt has been pure, or green if it contained iron or copper.* 
This experiment is rendered more amusing, by drawing the 
trunk and branches of a tree in the ordinary manner, and 
tracing the leaves with a solution of cobalt. The tree appears 
leafless, till the paper is heated, when it suddenly becomes 
covered with beautiful foliage. | 

The crystals of nitrate af cobalt, are small and indigtthet 
rhomboidal prisms of a deep red colour, composed, according 
to Dr. Thomson; of 1 atom of acid; 1 atom of protoxide, and 
6 atoms of water.. They are deliquescent in the air, and 
decomposable by heat, leaving a deep red powder. When 
thrown into a flask full of liquid potassa, a blue precipitate is 
formed, which, if the flask be immediately closed, passes to 
violet, and afterwards to red, by becoming the hydrate or 
hydrated oxide of cobalt. ‘This compound is soluble in cold 
carbonate of potassa and tinges it red. The oxide is not 
soluble in this liquid. The hydrate loses from 20 to 21 per 
cent. of water by heat, and is reduced to protoxide. » Solutions 
of cobalt are precipitated by carbonated alkalis, at first of a 
peach-flower colour, and afterwards of a lilac hue. 

Phosphate of cobalt is formed by dissolving the carbonate in 
phosphoric acid, and adding alcohol, which throws down a 
bulky sediment, or by mixing muriate of cobalt and phosphate 
of soda. A liiac precipitate, in the last case, falls, which, if 
mixed with eight parts’ of fresh precipitated alumina, and 
dried, forms, according to Thenard, a blue pigment that may 
be substituted for wltra marine. (Quart. Journ. xv. 381.). 

Oxalic acid throws down from solutions of cobalt a rose 
coloured ‘precipitate ; ferro-cyanate of potassa. one of a grass 
green colour; solution of borax a pink compound; and hydro- 
sulphuret of ammonia a black hydro-sulphuret of cobalt. 


-* For some ingenious speculations on the cause of these phenomena, 
consult Mr. Hatchett’s paper on. the Carinthian molybdate of lead. (Phis 
losophical Transactions, 1796.) 


ae 4 aoe) eee es oe eS 


90 OF METALS. /) GHAP, IX 


» V. Sulphuret.—Cobalt may be brought to combine directly. 
with sulphur and with phosphorus; but the compounds have 
no peculiarly interesting properties. ‘The sulphuret is com- 
posed, according to Proust, who, however, does not place 
much reliance on his analysis, of ! 


‘ Cobalt eeeoeeeoeves 71.5 @seaeecesee 100. 
Wy, Sulphur . @eeoeceeeen 98.5 @eseeeetce 39.8 
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100. 


If this analysis were correct, it would raise the atomic 
weight of cobalt to upwards of $3; for 28.5: 71.5:: 16: 33.71. 

VI. -Alloys:—Cobalt may be alloyed with most of the 
metals, with the exception of bismuth and zinc; but its alloys 
have not yet been applied to any useful purpose. / 

Cobalt, when oxidized, is the basis of xzaffre. This is 
generally prepared by roasting, from the ore, its volatile 
ingredients; and mixing, with the remainder, three parts of 
pry or calcined flints, Zaffre, when fused, forms a blue 
glass; which, when ground and washed, is the substance 
termed smalts, used as a colouring substance for linen, and 
for. imparting a blue colour to glass. ‘These, and its applica- 
tion in the manufacture of porcelain, are the dpe uses of 
cobalt i in the arts. | ; 


# 
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SECTION XXVIII. 


Titanium. 


\ 1. Trranium is obtained from a mineral discovered: in 
Hungary, &c., called red schorl, or titanite; and it is found, 
also, in a substance from Cornwall, termed menachanite; in 
octahedral iron ore from Corsica; in iserine; in sphene; and 
in the specular iron ore of Elba. It was in menechanite, that 
it was originally discovered by Mr. Gregor of Cornwall; and 
‘its characters have since been more, fully, investigated by 
Klaproth, Vauquelin and Hecht, Lovitz, Lampadius, and 
Rose.. To separate it from titanite, the mineral is to be 
reduced to powder, and fused with twice its weight of potassa. 
When the fused mass, after cooling, is dissolyed in water, a 
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white oxide of titanium remains. To free it from iron, 
Laugier dissolved this oxide in muriatic acid, and added oxalic 
acid, which separates a white flocculent precipitate of oxalate 
of titanium.* The oxalic acid in this may be destroyed by 
calcination. is | , 

Menachanite is to be first fused vith potassa in a similar 
manner; and to the alkaline solution, muriatic acid is to be 
added. This dissolves the oxide of iron, and precipitates the 
white oxide of titanium, still, however, contaminated by some 
iron. 

II. The. oxide of titanium fuses, but is not reduced by a 
powerful Galvanic battery. It is indistinctly reduced, by 
exposure to an intense heat, moistened with oil, and 
surrounded by powdered charcoal. A blackish blistered sub- 
Statice is obtained, some points of which have a reddish colour. 
Lampadius: states its colour to be that of copper, but deeper; 
and its lustre to be considerable. The evidence that we 
possessed, however, of the reduction of titanium toa metallic 
state, was not satisfactory, till the attention of Dr. Wollaston 
was drawn, in 1822, to certain very small cubes, having the 
lustre of burnished copper, that are occasionally found in the 
slag of the great iron works at Merthyr-Tydvil in Wales, at 
Low Moor in Yorkshire, and other places. These cubes 
are distinguished from iron pyrites by their colour, as well as 
by their extreme hardness, which is sucht hat they even scratch 
rock crysta!. ‘They conduct electricity and are slightly mag- 
netic. Their sp. gr. is 5.3. They are not acted upon by, 
muriatic, nitric, nitromuriatic, or boiling sulphuric acid. 
Before the blow-pipe they are completely infusible. A long 
continued heat oxidizes them, and they become purple or red 
at the surface. Nitrate of potassa, aided by a strong heat, 
oxidizes them rapidly. The combined action of equal quan- 
tities of borax, and dried sub-carbonate of soda, with the 
assistance of a strong heat, yields a fused mass, which becomes 
opake by cocling. ‘This may either be previously freed from 
the salts by boiling water, and then dissolved in muriatic acid, 
or the whole mass may be dissolved together. In either case, 
alkalis. throw down a white oxide, which is not Peet by 
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excess of alkali, either pure or carbonated. By evaporating 
the muriatic solution'of the oxide to dryness, at the ‘heat of 
boiling water, itis freed of any redundant acid, and the 
imuriate, which remains, is perfectly soluble in water, and in a 
state most favourable for exhibiting the characteristic proper- 
ties of the metal.’ There can be no doubt, then, that these 
cubes are metallic titanium, free from contamination, except 
with a portion of iron, so minute as to be scarcely discoverable 
by tests, but sufficient to impart a very slight magnetic 
property. 

Titanium appears capable of uniting with oxygen in two 
proportions. The protoxide is blue, and occurs native in’ 
crystals called anatase. We know, ‘however, very little of the 
properties of this oxide. The peroxide is perfectly white, and 
possessing some of the properties’ of a weak acid, it is called: 
by Rose, (Ann. of Phil. N.S. vis 369.) titanic acid. Like 
columbic acid and silica, (which Rose’ considers as an acid) 
its affinities are exceedingly weak. When heated to redness, it 
becomes yellow, but regains its whiteness on cooling; it is 
found, however, to have become insoluble in acids. When 
precipitated, titanic acid is digested with water, the liquid 
passes milky through several folds of paper. Hence it can- 
not be collected on a filter, but this property is destroyed by 
an acid, an alkali, or aneutral salt. When fused with potassa, 
and dissolved in muriatic acid, it gelatinates. 

Titanic acid or peroxide has been considered as a base 
capable of forming neutral salts with acids, but Rose is disposed 
to deny to it this property, and supposes that what has hereto-. 
fore been regarded as pure titanic acid is, in fact, a compound of 
that acid with an alkali. No compounds, he conceives, exist 
in which titanium can be considered as a base. 

Chloride of titanium was formed by Mr. George, by passing 
dry chlorine over the pulverized cubes from the iron slag. A 
fluid condensed in the cool part of the tube which was trans- 
parent, colourless, emitted dense white fumes, and_ boiled 
violently at a temperature little exceeding 212° F. On adding 
a drop of water to a few drops of this liquid, an almost explo- 
sive disengagement of chlorine ensued; and when the water 
was not-in excess, a solid salt was formed; the solution of 
which hat all the properties of muriate ‘of titanium. There 
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appears, from these experiments, to be two chlorides, the.one 
constituted of about 64 titanium with 36. chlorine, the.other 
with 72. (Ann, of Phil. N.S. ix. 18.) Ne a 

_ Titanium, is-precipitated. of a red, inclining to orange, ee 
ferrocyanate. of potassa ; of, a similar dolafiiyi bss infusion. of 
galls, but.inclining to purple; and of. a dirty dark green by 
hydro-sulphurets.. A rod of tin, immersed inthe solution, 
imparts to the.liquid surrounding it a fine red colour, and a 
rod of. zinc a deep blue colour. 

Sulphuret of titanium was formed by. ee by passing 
sulphuret. of. carbon over titanic acid strongly heated in a 
porcelain tube. Itis of adeep green colour, and, when rubbed 
with a hard substance, assumes a very strong metallic lustre 
like that of brass.. It becomes very hot when nitric acid is 
poured upon it; nitrous gas is disengaged, and titanic acid is 
deposited in the. state of a fine powder... The analysis of the 
hnsnlphur et by combustion gave | ee 
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From a review of the experiments of Rose, and his own 
investigations, Dr. Thomson is induced to consider 48 as the 
true atomic weight of titanic acid, 40 as that of the protoxide, 
and 32 that of titanium. (First Princ. ii. 80.) 

Dr. Wollaston attempted to form alloys of titanium with 
tin, lead, silver, and copper, but did not succeed with respect 
to any one of them. 


a 
SECTION XXIX, 
Bismuth. 


Bismuru has a reddish white colour, and is ‘composed of 
broad brilliant plates adhering to each other. * Its specific 
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gravity is 9.822, but is increased by hammering: It breaks; 
however, under the hammer, and hence cannot be considered 
as malleable; nor can it be drawn out into wire. | The'bisé 
muth of commerce is not quite pure. To purify it Dr. ‘Thom- 
son dissolved it’ in nitric acid, decomposed the nitrate by 
water, edulcorated the oxide, and reduced it to a metallic 
state by heating it in a covered crucible with black flux. 

- I. Bismuth is one of the most fusible metals, melting’ ‘at 
476° Fahrenheit; and it forms, more readily then most other 
‘metals, distinct crystals by slow cooling. M. Chaudet has 
shown that though covered with charcoal, it may be com- 
‘pletely volatilized, if kept for a sufficient time at a ae a Wi 
of about 30° Wedgewood. 

II. Oxide.—When kept melted at a moderate heat, it be- 
comes covered with an oxide of a greenish grey or brown 
colour; ina more violent heat bismuth is volatile, and may 
be sublimed in close vessels; but, with the access of air, it 
emits a blue flame, and its oxide exhales in the form of a 
yellowish smoke, condensible- by cold bodies. ‘This oxide is 
very fusible; and is convertible, by heat, into a yellow trans- 
parent glass. It is the only oxide of bismuth with which we 
are acquainted; and consists, according to the experiments 
of Lagerhjelm, (4 Ann. Phil. 357.) of 


Bismuth eeeeee#ees 89.863 eee ss to. BRROE oa ee Fe 
AIRY EONS, "see kieles LOL OT fe ns 4 a8 PR EEEO oc eee 


- = F aoe 


100. vo 


Dr. Thomson dissolved 9 grains of purified bismuth in 
nitric acid, evaporated the solution, and heated the dry mass 
till it was reduced to the state of an oxide. It became 10 
grains; consequently the metal had combined with one ninth its 
weight of oxygen; and 1:9::8:72. We may adopt then 72 
as the atomic weight of bismuth and 8 as that of its oxide. 

Til. Chloride of Bismuth.—The solution of bismuth in 
muriatic acid, being deprived of water by evaporation, yields a 
salt which is capable of being sublimed, and which deliquesces 
into what has been called butter of bismuth. A similar product 
is obtained by introducing finely divided bismuth into chlorine 
gas, when the metal takes fire and burns with a pale blue light. 
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This compound is the only known chloride of bismuth. It 
was analyzed by Dr. Davy, and found to contain 
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From this analysis, the equivalent of bismuth appears very 
nearly to agree with the number derived from the synthesis of 
the oxide. ? 

IV. Iodide of bismuth may be formed by heating that metal 
with iodine. It is of an orange colour and insoluble in water. 
With hydriodic acid, or hydriodate of potassa, nitrate of 
bismuth affords a deep chocolate-coloured precipitate. 

V. Salts of bismuth.—Sulphuric acid acts when hot and con- 
centrated on bismuth, and sulphurous acid is disengaged. 
A part of the bismuth is dissolved; and the remainder is 
changed into an insoluble oxide. The sulphate, on the autho- 
rity of Lagerhjelm, is stated to consist of 

Oxide of bismuth ...... 66.353 ....100. ....80 
SHPUUNIG ACId jays. Cane S200 votes G07) nee y 40 
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Besides the neutral sulphate, Berzelius describes a subsul- 
phate consisting of 


Atoms, 
Oxide of bismuth ...... 85.5.2... 100 ......3 
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- Nitric acid dissolves bismuth with great rapidity. ‘To one 
ounce and a half of nitric acid, diluted with half its weight of 
water, add, at distant intervals, one ounce of bismuth, broken 
into small pieces. The solution, when poured into water, shoots 
into fine transparent crystals, having the shape of oblique 
rhombs, and constituted of 1 atom of acid, 1 atom of base, 
and 3 atoms of water. When the nitric solution is added to 
water, it is decomposed, and a white substance is precipitated, 
which is the pigment called magistery of bismuth, or pearl-white. 
This compound consists of hydrated oxide of bismuth united 
with nitric acid ; and the supernatant liquid contains a solution 


96 OR- METALS, CHAP: IX. 


of bismuth with great excess of acid.. ‘The precipitate is solu- 
ble to a considerable extent in pure ammonia, but not so much 
so in pure fixed alkalis. It is liable to be turned black by sul- 
phureted hydrogen, and by the vapours of putrefying sub- 
stances in general. It is employed in medicine as a tonic, 
under the name of subnitrate of. bismuth. 

With..tartaric acid,» bismuth forms an ‘insoluble: salt; but 
if this “compound be boiled with tartrate of sada, or if super~ 
tartrate of soda be boiled with oxide of bismuth, a solution i 1s 
obtained:.which is perfectly neutral, and holds much bismuth 
in:combination, This solution is not precipitated, either by. 
alkalis or alkaline carbonates, but.is decomposed by hydro- 
sulphuret of ammonia. When evaporated, it. becomes adhe- 
sive like gum. Tartrate of bismuth and tartrate. of potassa, 
also, "et a soluble and neutral triple salt. 

_ Bismuth may be made the basis of a sympatheticink. "The 
acid, employed for this purpose, must be one that does not 
act on paper, such as the acetic. Characters, written with this 
solution, become black when exposed to sulphureted hydro- 
gen. 

VI. Sulphuret. — Bismuth combines with sulphur, and forms 
a bluish grey sulphuret, having a metallic lustre, which is, 
also, found native. Lager bjelm hes analyzed it, and found it 
to consist of — 
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Dr. Thomson found that nine grains of pure bismuth con- 
verted into a sulphuret became eleven’grains ; ‘hence the sul- 
phuret is constituted of “ filga r 
'MetBismuth) (98182. oe. ot or: Teatom .725 
~ Sulphur ......18.18....... or 1 atom 16 
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VII. Alloys.—Bismuth is capable of. being alloyed with. 
most of the metals, and forms with some of them compounds. 
of remarkable fusibility.. One of these is Sir-Isaac Newton’s 
fusible metal. It consists of eight parts of -bismuth, five of 
lead, and three of tin, or according ‘to Dobereiner, when: 


\ 
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made in the :best proportions, it is a compound of 1 atom of 
lead, 1 of tin, and 2 atoms of bismuth, or of an-atom of the: 
binary alloy of bismuth and lead, united to an atom of the 
binary alloy of bismuth and tin. (Ann. of Phil. N.S. ix. 389.) 
When thrown into water, it melts before the water is heated 
to the boiling point. It is from. this property of forming 
fusible. alloys, that bismuth enters into the composition of 
several of the soft solders, which, indeed, is its principal use in 
the arts. 

Bismuth has the singular property of depri iving gold Y its 
ductility; even when ‘oosnied with it in very minute pro- 
portion. This effect is produced by merely keeping gold in 
fusion near melted bismuth. It has nevertheless, been 
employed by Chaudet in vinsage (Ann. de nina et de 


hy vill. 113.) 
—— 


SECTION XXX. 
Copper. 


Copper, according to ‘Berzelius, as it is found in com- 
merce, is always contaminated with a little charcoal and sul- 
phur, amounting to about one half of a grain in 100 grains, 
Lead, antimony, and arsenic, are also occasionally found in it.* 
To fit it for purposes of accuracy, it may be dissolved in 
strong muriatic acid; and, after adding water, may be pre- 
cipitated from the solution by a polished plate of iron. The 
metal thus obtained, should be washed, first with diluted 
muriatic acid, and then with water, and may either be fused, 
or kept in a divided form. , 

Copper is a metal of a beautiful red colour, and admits of a 
considerable degree of lustre. Its specific gravity varies, with 
the operations to which it has been subjected. Lewis states 
it at 8.830; Mr. Hatchett found that of the finest granulated 
Swedish copper to be 8.895; and Cronstedt states the specific 
gravity of Japan copper, at 9, while Dr. Thomson, from his 
own experiments, makes it only 8.434. 

Copper hasconsiderable malleability, and may be hammered 


. * 47 Phil. Mag. 206. as , 
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into very thin leaves. It is, also, very ductile; and may be 

drawn into wire, which has great tenacity. _ I 
+ At 27° Wedgewood, copper fuses, and by a. auffielett 
increase and continuance of the heat, it Ne in visible 
fumes. 

I. Oxides of cnet —1. Copper is oxidized by air.. This 

may be shown by heating one end of a polished bar of copper, 
which will exhibit various shades of colour » according to the 
intensity of the heat. 

A plate of copper, exposed for sometime to heat, becomes 
baravreed with scales, which break off when the copper is 
hammered. They are composed of 62 of the black oxide 
and 38 copper. This imperfect oxide, when exposed on 
a muffle, is farther oxidized, and assumes a deep red hue. 
Copper is also oxidized by long exposure to a humid atmo- 
sphere, and assumes a green colour; but the green compound 
holds carbonic acid in combination. ‘The oxides of copper 
do not return to a metallic state by the mere application of 
heat; but require, for their reduction, the admixture of 
inflammable matter. . 

2. Copper does not decompose water, which may even be 
transmitted, in vapour, through a red hot tube of this metal, 
without decomposition. 

3. Copper is susceptible of only two degrees of oxidize- 
ment; in its lower stage the compound is red; when oxidated 
to the maximum, it is black. : 7 

The black or peroxide may be obtained, either by calcining 
the scales of copper, which have already been alluded to, 
under a muffle; or by decomposing nitrate of copper by 
carbonate of potassa, and igniting the precipitate; or by the 
simple ignition of the nitrate. It is composed, according to 
Proust, of | 


Copper. oeooeoeee eben 80 oversee 100 
yen : sere weal iss BOKQ Sieh 1: BE 


et 


100 


Berzelius, after examining the composition of this oxide, 
proposes only a very small change in the statement of Proust, 
viz. that 100 parts of copper unite with 25.272 oxygen to form 
the peroxide. (An. de Ch, et de Phys. xvii. 26.) 
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When to a solution of the nitrate, or of almost’ any other 
salt of copper, a solution of potassa is added, a blue precipi- 
tate appears, which is a combination of peroxide of copper 
with water, or a hydrated peroxide of copper. Collected on a 
filter and dried at a very moderate heat, it shrinks like alu- 
mina, but still retains its colour. At a higher temperature, 
the water is expelled, and about 75 parts of peroxide of 
copper are left by every 100. It is, probably, therefore, a 
compound of 1 atom of peroxide with 3 atoms of water. 

To prepare the protoxide of copper, Mr. Chenevix recom- 
mends the following process. Mix together 571 parts of 
peroxide of copper, and 50 parts of metallic copper preci- 
pitated from the sulphate on an iron plate. ‘Triturate in a 
mortar, and put the mixture, with 400 parts of muriatic acid, 
into a phial, which is to be well stopped. .The copper and its 
oxide will be dissolved with heat. When potassa is poured 
into this solution, the oxide (or rather hydrated protoxide) of 
copper is precipitated of an orange colour. ‘This oxide, when 
deprived of water, becomes red; but it attracts oxygen so 
strongly, that it can scarcely be dried without absorbing more. 
It is composed of 


COPPer spc wage OSG cscbes LUUs 
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The equivalent number of copper, deducible from the com- 
position of the protoxide, is therefore 64, for 12.5: 100:: 8: 645 
and the two oxides of copper must be constituted as 
follows : 


Protoxide, 1 atom of copper = 64+ 1 atom of oxygen = 72. 
Peroxide, 1 atom of copper = 64 + 2 atoms of oxygen = 80. 


The first therefore will be represented by 72, and the per- 
oxide by 80. .A different view, however, has been taken of 
the atomic weight of copper, reducing it to 32; but the argu- 
ments for and against the adoption of this last number will 
be better understood when other compounds of copper have 
been described. 

II. Chlorides of copper.—By the combustion of copper in 
chlorine gas, two compounds are produced at the same time, 

| H 2 
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‘one of which is a fixed easily fusible substance, resembling 
common rosin, and called by Boyle, who ‘has described it, 
rosin of copper. It may be procured, also, by carefully eva- 
porating and fusing the protomuriate; and it remains in the 
retort, after distilling a mixture of two parts of corrosive sub- 
limate and one of copper filings. It is insoluble in water, 
but soluble in muriatic acid. Its colour is generally dark 
brown, but if exposed to the air it becomes green, or if fused 
and slowly cooled, yellow and semi-transparent. It consists 
of | 

Coppers). of sere. sO Ni A OLOO 

Chlorine ..... 060 36 vevensee t 56 


100. 

Being constituted of an atom of each of its elements, it may 
be called the protochloride of copper. In this instance, pre- 
cisely the same equivalent for copper is deducible from the 
proto-chloride, as from the protoxide. 

The perchloride of copper may be formed by evaporating 
the solution of peroxide in muriatic acid, at a heat below 
400° Fahr. Its colour is yellow, but, when dissolved in water, 
which readily acts upon it, it affords a green solution, iden- 
tical with the permuriate. It consists of 


Copper 'g 21. 260. Ww Os AT cesses 100 
CHiOnine ose 67 eee eee 53 eeoeoc’ 112 


III. Salts of copper.—Corresponding with the two chlo- 
rides of copper, we have also a protomuriate and permuriate. 
The latter is obtained by dissolving peroxide of copper in 
muriatic acid. By careful evaporation and cooling, the per- 
muriate crystallizes in rhomboidal prismatic parallelopipeds, 
which are deliquescent and readily soluble both m water and 
alcohol. . It is composed, according to Proust, of 


Peroxide of copper ........- 4.0 
Muriaticmeid *. ./2.sdeen D4: 
Wiser rected ot AG tren | barres 

100 


. The nearest atomic constitution to these proportions is that 
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of 2 atoms of muriatic acid, 1 atom of base, and six of water, 
which would make the salt a bi-permuriate of copper. 

Plates of copper, exposed to the vapour of muriatic acid, 

ecome covered with an insoluble coating of a green powder, 
which is, most probably, a true muriate, or compound of 1 
atom of base +1 atom of acid. It dissolves readily in 
muriatic acid, and by the addition of alkalis yields peroxide of 
copper. 

By digesting a solution of permuriate of copper with filings 
of that metal, or by digesting 4 parts of peroxide and 5 of 
precipitated copper (copper separated from its solutions by a 
plate of zinc) we obtain a muriate of protoxide or protomuriate, 
the fresh portion of copper being oxidized at the expence of 
of that which was held in solution. This salt is decomposed 
by merely pouring it into water. Alkalis throw down an 
orange coloured precipitate. It consists, according to Proust, 
Or ty: 

Copper ........ 65.80 f forming } 73.88 
CONV PENN ye es oe US protoxide 
Muriatic acid’ .).)..0.0e..ceeeeuee 26.12 


100. 


The native green copper sand of Chili and Peru has been 
analyzed by Dr. John Davy, and found to be a compound of ' 


Peroxide of copper ....:.....' 73 
Mariatic acids. . fi. wns t Sole LO,2 
Water. @eeoeevp e772 0228? 6S @O tee G @ 10.8 


100. 


Neither of the two last compounds agrees with the law of 
atomic proportions; but the green sand approaches nearly to 
a submuriate, consisting of one atom muriatic acid + 2 atoms 
of peroxide, + 3 atoms of water. 

It isa submuriate of copper that is formed by the destruc- 
tive action of sea water upon the copper sheathing of 
‘ships, the oxygen necessary to the formation of the muriate 
being derived from the air of the atmosphere. Now according 
to the views of Sir H. Davy, copper can only act upon sea- 
water when in a positive state, and that philosopher was 
therefore led to conceive that if the electric state of the copper 
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were reversed, by bringing it into contact with some metal of 
more energetic electrical power, the action of the sea water 
would cease. (Phil. Trans. 1824.) This led him to a dis- 
covery which promises to be most important in its practical 
consequences, viz. that extensive surfaces of copper may be 
completely protected from the corroding effects of sea water, 
by placing comparatively small quantities of malleable or cast 
iron in contact with the copper sheathing of aship; and it 
has been found that the covering of vessels so protected is 
uninjured even by long voyages in tropical countries. This 
discovery has been applied by Dr. Bostock to the protection 
of utensils employed for culinary purposes. (Ann. of Phil. 
N. S. viii. 176.) 

Chlorate of copper was formed by Vauquelin, by dissolving 
peroxide of copper in chloric acid. It is a bluish green salt, 
deliquescent, and difficultly crystallizable. 

Iodate of copper is an insoluble substance. It is precipitated 
from solutions of copper by alkaline iodates. 

Nitrate of copper.—Copper readily dissolves in nitric acid 
diluted with two or three parts of water, and nitrous gas, 
holding a little copper in solution, is evolved in great abun- 
dance. The solution at first is green and muddy, but by 
degrees it becomes transparent and blue, and gives prismatic 
crystals of a fine blue colour, consisting, exclusive of water, of 

FELOSIAG vio ans Bathe 
Nitric acid... «4 4ss.s.s0 tise GEeSD 


100. 

Nitrate of copper is partly but not entirely decomposed by 
alkaline carbonates; for, after their full effect, Berzelius found 
that a precipitate is still occasioned by adding water impreg- 
nated with sulphureted hydrogen. | 

A sub-nitrate of copper is also described by Berzelius (82 
Ann. de Ch. 250.) It may be obtained, either by adding a 
small portion of potassa or ammonia to the solution of the 
nitrate, or by heating the dry salt gently. It consists of 

Peroxide of copper ......+. 66. 
NUPIC BCID gn o's sie plate Shier bO.9 
WY SEB i's ase >ppitinn- ah” bea 
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100. 
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These proportions are not very remote from 1:atom of acid, 
+ 4 atoms of peroxide, + 8 of water. 

Ammoniuret of Copper,x—Copper and, its oxides are dginbie 
in ammonia. ‘The watery solution of ammonia, at its boiling 
temperature, acts rapidly on copper. (Mac Culloch.) Dry 
ammoniacal gas appears also to combine with heated copper. 
(Quart. Journ. xxix. 158.) If ammonia be added in excess. 
to nitrate of copper, the precipitate, which is first formed, is 
re-dissolved. On this property depends the method of 
separating oxide of copper from other metallic oxides, 
from those of iron for instance, which are not soluble by 
ammonia. 

Peroxide of copper, digested in ammonia, forms a bright 
blue liquid, from which, by careful evaporation, fine blue 
crystals may be cbtained, called ammoniuret of copper. 
Protoxide of copper also dissolves in ammonia, and yields a 
colourless solution, which becomes blue by exposure to the 
air; in consequence of the absorption of oxygen. 

Sulphates—Copper combines with strong sulphuric acid, 
at a boiling heat, and affords a blue salt, called sulphate of 
copper. In this process, part of the sulphuric acid is decom- 
posed, and furnishes oxygen to the metal which is dissolved. 
It is, therefore, better, in preparing sulphate of copper, to use 
the oxide obtained by calcining copper scales with free access 
of air. (a) Sulphate of copper isa regularly crystallized salt, 
soluble in four parts of water at 60°. (b) The solution is 
decomposed by pure and carbonated alkalis. The former, 
however, re-dissolve the precipitate. ‘Thus, on adding pure 
liquid ammonia to a solution of sulphate of copper, a preci- 
pitate appears, which, on a farther addition of the alkali, is 
re-dissolved, and affords a beautiful bright blue solution. 
(c) The sulphate of copper is decomposed by iron. In a 
solution of this salt immerse a polished plate of iron. The 
iron will soon acquire a covering of metallic copper. (d) It 
gives up its acid on the application of heat, without decom- 
position ; aud an oxide of copper remains in the retort. (e) It 
is composed, according to Proust, with whose analysis a 
recent one by Dr..Thomson exactly agrees, of 
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Copper 25.6 {, forming 
Oxygen 6.4 Ublack oxide 
Sulphuric acid ..........32..or 2 atoms = 80- 
Water Pioyee.e so 86 ls oF 10ratonte e000 
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Exclusive of water of crystallization, Berzelius,* from his 
own analysis, states its composition at 


hse -. or 1 atom 80 


Peroxide of copper .. 50.90 .. 103.66 .. 1 atom 80 
Sulphuric acid......49.10 .. 100. ..2 atoms 80 


ee ee 


100. 160 


Strictly speaking, therefore, this salt is a bi-sulphate, a name 
which sufficiently designates it, and is preferable to that.’ of 
bi-persulphate. 

Proust described a subsulphate of copper, formed by adding 
solution of potassa to a solution of the above sulphate. Ber- 
zelius prepared it by the cautious addition of ammonia, and 
found it, on analysis, to be composed of 


Peroxide of copper.... 80 .... 100 .. 2 atoms 
SUIPNULIC BCI i 4 ose 6 ZO a wes tad wel BLOM 


oS 


100 


Dr. ‘Thomson has described, also, a guadri-sulphate consist- 
ing of 1 atom of base, + 4 atoms of acid. (Ann. of Phil. 
N. S. i. 244.) | 

No sulphate of the protoxide is yet known; for when sul- 
phuric acid is brought into contact with the protoxide, one 
half of the oxide gives up its oxygen to the other half, which 
thus becomes Heroes, and unites with the sulphuric acid. 

Sulphite of copper may be obtained by transmitting a cur- 
rent of sulphurous acid gas (which has been first passed 
through a small quantity of water, in order to deprive it of 
sulphuric acid) into a vessel containing water and peroxide of 
copper. A green liquid is formed, which contains sulphite 


* 77 Ann. de Chim, 
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of copper, with a large excess of acid; and sulphite of 
copper, in very small red crystals, remains at the bottom of 
the vessel. This salt has been investigated by viabafc° * and 
found. to consist of 


Protoxide of copper ......eee2++ 63.84 
Sulphurous acid eoeeeoreeeooboevec 36.16 


100. 


Copper exposed to a damp air rusts, and becomes covered 
with carbonate of copper. ‘The same compound is still more 
readily produced by adding carbonated alkalis to the solutions 
of copper. The nitrate of copper, precipitated by carbonate 
of lime, affords a blue precipitate, called Verditer, This sub- 
stance is nearly allied to the native blue carbonate in the nature 
and Si sota of its ingredients. Verditer consists of 


VEIT. SHOT LESSORS ERAS Uae 
Garbonic acid Wi). LEN L084. ON HADI 
Peroxide of copper ..s..ececesess 67.6 
Moisture and impurities .......... 2.4 


100.+ 


Berzelius observes that sub-carbonate of copper differs 
greatly in appearance, when precipitated from a cold and from 
a hot solution. In the latter case, its colour is yellowish 
green; in the former, it is bluish green, and much more 


bulky. ‘It is composed of 


Peroxide of copper.. 71.7 .... l atom .. 80 
Carbonicsacid 2. sas. 19.7. 2. <<. 1 atom: 2.22 
Water ..... Gf eebsG iB Bi io... eaten ei 


_ 100. Lili 


From the analysis of Mr. R. Phillips, this appears, also, to 
Le very nearly the composition of the native green carbonate 
of copper (malachite) which he found to consist of 72.2 per- 
oxide, 18.5 acid, and 9.3 watery 

Phosphoric acid unites with peroxide of copper in two pro- 


* 83 Ann, de Chim, 181. F Quarterly Journal, iv. 279, 
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portions. If/solutions of phosphate of soda and sulphate of 
copper be mingled together, a bluish green precipitate is 
formed, consisting of 


1 atom of peroxide of copper .... 80 ...... 55.35 
2 atoms of phosphoric acid ...... 56 .++++» 38.40 
1 atom of water eeseeezeveeves eee tg 6.25 


cer 


145 100. 


It is therefore a bi-phosphate. The phosphate has not yet been 
formed artificially, but it has been found native in a white 
quartz rock.* It is of an emerald green colour, and is not 
crystallized. Its analysis afforded results very nearly agreeing 
with 


1 atom of peroxide of copper.... 80 ...... 63.59 
1 atom of phosphoric acid ...... 28 ..0.+. 22.03 
2 atoms. of water ....seccerdeee 18 seseee 14.38 


cae 


126 100. 


When corroded by long continued exposure to the fumes of 
acetic acid, copper is converted into verdigris.—The verdigris 
of commerce is composed partly of a salt, soluble in water, 
and partly of a light green powder, which is not soluble in 
water. By the solution of verdigris in distilled vinegar and 
evaporation, a salt is obtained in regular crystals. These 
crystals have been analyzed by Mr. Richard Phillips, and 
shown to consist of 


2 atoms of acetic acid .. 50 X 2 = 100 
1 atom of peroxide of copper .... = 80 
3 atoms of water ........9X3= 27 
207 


or, of 
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100. 


, * Ann, of Phil, N.S. iii,'182. 
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A previous analysis by Dr. Ure had already given the same 
results, except in assigning two atoms only of water, and a 
different equivalent for acetic acid; and Berzelius’s subsequent 
analysis confirms these proportions, All concur to show that 
the salt is strictly a binacetate, and by that name it is proper 
to designate it, (Ann. of Phil. N.S.1. 418, ii. 21, iv.161, and 
viii. 188.) If it contain only two atoms of water, it will be 
constituted as follows: 


Acetic acid, 2 atoms ...... 100 or 51.22 
Peroxide 34)1atom © wis.) 80) 689076 
‘Waters. Qatoms isu! We G02 


= et 


198 100. 


Binacetate of copper forms large and beautiful crystals, the 
primary form of which is an oblique rhombic prism. (Ann. of 
Phil. vi. 39.) It is soluble in 20 parts of water at 60°, or in 
five parts at 212°. When distilled per se, it yields concen- 
trated acetic acid, which may be purified by a second distilla- 
tion; and in the retort a compound is left of charcoal and 
oxide of copper, which sometimes kindles spontaneously like 
pyrophorus. When this substance is calcined with free access 
of air, it becomes peroxide. ; 

Verdigris, from the experiments of Mr. Phiilips, with which 
those of Berzelius agree, appears to consist essentially of very 
minute blue crystals which are composed of 


"Acetic acid: ws o's co's BSOO ee ce 2 HOOM’ Se ss OO 
Peroxide’. . «a <p AG Boae oe Peed atone S Far 80 
Water .....ccccccs 28-45 «+e, Gatoms,.... 54 


100. 184 


In verdigris, when dried for sale, the same relative propor- 
tion of acid and base exists, but the water is reduced to 25 
parts, or a little more, in 100; and there is a quantity of 
insoluble impurity varying from 0.5 to 2 per cent. 

The blue crystals, found in verdigris, are, therefore, a true 
acetate of copper, consisting of an atom of acid + 1 atom of 
peroxide. When acted upon by water, they are decomposed ; 
a green insoluble powder is obtained, which is a real sub- 
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acetate, constituted of 1 atom of acid + 2 of peroxide. The 
blue solution contains a binacetate. ‘Three distinct com- 
pounds, therefore, exist of acetic acid and per oxide of copper, 
the subacetate, acetate, and binacetate. 
The subacetate constituted of 1 atom acid + 2 base 
acetate .............- 1 atom acid + 1 base 
binacetate..... Paredes oats 2, atoms acid + 1 base. 


In an elaborate memoir on the combinations of acetic acid 
with peroxide of copper, (Ann. of Phil. N. S. viii. 188,) Ber- 
zelius describes three additional compounds, two of which are 
produced by the action of distilled water on verdigris. One of 
these is a subsalt, soluble in water, consisting of 

By expt. By calc. 
Acetic acid. ...,...36.80 .... 37.14 .... or 4 atoms. 
Perox. of copper.. 43.19 .... 43.24 ......3 atoms 
Water < nbisios e200]. . 44. A062 . oar eaten 


100. 100. 


It may be considered, therefore, as a subsesquacetate. The 
second, an insoluble salt, is obtained by allowing verdigris to 
swell in water, and afterwards filtering it through coarse 
linen, which allows minute scaly crystals to pass through. 
They are constituted of 

By expt. By cale. 
Acetic acid......27.60 .... 27.83 .. or 2 atoms 
Peroxide...... ss O4536...5% 7 O8.62 2 oa, O atoms 
Water s\..5.9.+: 8,045,... To) 62... 3. atoms 


100. 100. 

When a dilute solution of the soluble subsalt is heated, it 
deposits a flocculent liver-brown-coloured substance, which, 
collected upon a filter, appears black. It is composed of 

By expt. By cale. 


Acetic acid...... 245 sees 24h .... latom 

Peroxide’ 30°... 92.:° 4... 92.40)... .24 atoms 

Wateniier soy 4 Seb Bi ih sie 2 Obi 26? AV 82 ‘atonis 
100. 100. 


When the muriate of copper is mixed with a solution of 
ferro-cyanate of potassa’'or of lime, a beautiful reddish brown 
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precipitate of ferro-cyanate of copper is obtained, which has 
‘been recommended by Mr. Hatchett as a pigment. Tincture 
of galls throws down, from all the solutions of copper, a dull 
yellow precipitate. 

IV. Sulphuret.—Copper combines with sulphur in two pro- 
portions. When a mixture of three parts of the metal, in the 
state of fine filings, with one part of sulphur, is melted in a 
glass tube, at the moment of combination, a brilliant inflam- 
mation ensues, exceeding in brightness that produced by the 
fusion of iron and sulphur. 

Copper leaf, Berzelius observes,* burns in gaseous sulphur, 
‘as brilliantly as iron wire in oxygen gas. A compound is 
formed, precisely analogous to the native black sulphuret of 
‘copper, or copper glance. It is a proto-sulphuret, and consists 
of | 

Copper ....80.... 100, or 1 atom = 64 
Sulphur ....20.... 25, or 1 atom 


ll 
pod 
=P) 


100 125 80 


Beside this, there is also a per-sulphuret or bi-sulphuret, 
which forms the principal ingredient of yellow copper pyrites. 
It consists of | 


Copper .... 66.66 .... 100, orl atom = 64 
Sulphur .... 33.34 .... 50, or 2 atoms = 32 


100. 96 


V. Copper unites by fusion, with phosphorus. The phos- 
phuret is white, brittle, and of the specific gravity 7.122. 
The analysis of Pelletier gives 20 of phosphorus to 100 
metal, which nearly agrees with 1 atom of PEGED ROM +1 
atom of copper. 

VI. Atomic Weaght of Copper—Two views have been taken 
of the atomic weight of copper; for we may consider the 
compound of that metal with the smallest proportion of 
oxygen, not as the protoxide, but as a suboxide, that is, as 


* 79 Ann, de Chim. 250. See also Vauquelin on the Artificial Sulphuret 
of Copper, Ixxx. 265. Berzelius states that 100 metal combine with’ 25.6 
sulphur. $3. 43 
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‘consisting of two atoms of metal to one of oxygen; in which 
‘ease the black oxide will be the true binary compound, and 
not the ternary one, as it has been represented in this section. 
On this supposition, which has been adopted by Drs. Wollas- 
ton, Prout, and ‘Thomson, the atom of copper will be repre- 
sented by $2 instead of 64. This certainly does away with 
‘an anomaly, occasioned by adopting 64 as its relative weight, 
viz. that all the salts of copper are bi-salts, or contain 2 atoms 
of acid united to one of base. But onthe other hand, it is 
singular that the compounds with the smallest proportions of 
sulphur and of chlorine should contain two atoms of base, for 
in general these compounds agree with the compound contain- 
ing least oxygen in being binary ones, and no. good reason 
can be given why, in this instance, there should be a departure 
from the general law. It may be well, however, to exhibit a 
few of the changes which will be necessary, if 32 be adopted 
for the atomic weight of copper. 

The protoxide must then be considered as a suboxide, con- 
stituted of 2 atoms of copper (64) + 1 atom of oxygen (8 ) 
giving 72 for its atomic weight. 

‘The peroxide, as the true oxide of copper, consisting ‘of 1 
atom of copper (32) + 1 atom of oxygen, together = 40. 

The sulphuret as a disulphuret, containing 2 atoms of cop- 
per (64) + l atom of i sth and its atomic weight 
as 80. 

The bisulphuret as the true sulphuret, oi posed of 1 atom 
of copper (32) + 1 of sulphur (16) = 48. 

The protochloride will be a dichloride, containing 2 atoms of 
copper (64) + latom of chlorine (36), and its equivalent 100. 
» The perchloride will be the true chloride, containing 1 atom 
of copper (32) + 1 atom of chlorine (36 and its atomic 
pli 68. 

‘The bisulphate will be the true sulphate, containing latom | 
of base (40) + 1 of acid (40) together 80, and shi crystals 
will contain only five instead of 10 atoms of water, to preserve 
the same relative proportions of anhydrous sulphate and water. 

The binacetate will be an acetaie, containing 1 atom of base 
(40) + 1 atom of acetic acid (50), together 90. And so of 
the rest. 

VII. Alloys —Copper combines readily with most of the 
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metals, and affords several compounds, which are of great 
use in the common: arts of life. Chinese white copper is an 
alloy of copper, zinc, iron, and. nickel, obtained probably 
from a compound ore of those metals. (Ann. of Phil. N. S. v. 
236.) Copper, with about a fourth its weight of lead, forms 
pot-metal; with about the same proportion of zinc, or a little 
more, it composes brass, the most useful of all its alloys. 
Mixtures of zinc and copper form, also, the various com- 
pounds. of Tombac, Dutch Gold, Similor, Prince Rupert’s 
Metal, Pinchbeck, &c. Copper with tin, and sometimes a 
little zinc, forms bronze and bell-metal,. or gun-metal. And 
when the tin is nearly one-third of the alloy, it is beauti- 
fully white and takes a high polish. It is then called spe- 
culum-metal, (Nicholson’s Journ. 4to. iii, 490.) Copper 
may, also, be wrasse with iron; but the compound has no 
useful properties.* 

Respecting the alloys of copper, much valuable informa~ 
tion may be found in the 4th volume of Bishop Watson’s 
Chemical Essays, and in Aikin’s Dictionary of Chemistry, 
articles Brass, &c. From a recent investigation of them, the 
results of which are not yet published, Mr. Dalton finds 
that into all the alloys of copper which are characterized by 
useful proper ties, the ingredients enter in atomic proportions; 
and it is probable that by attention to these proportions, 
the manufacture of the artificial alloys may be greatly im- 
proved. 

Most of the copper of commerce is obtained from copper 
pyrites, or yellow copper ore, which is a compound of sulphur, 
iron, and copper, in such proportions, as render it probable 
that. it is composed of two atoms of proto-sulphuret of iron, 
and one atom of per-sulphuret of copper with a little arsenic 
and earthy matter.t ‘The sulphur and arsenic are separated 
by roasting ; and the copper is obtained by repeated fusions, 
in some of which an addition of charcoal is made. 


* 49 Philos. Magazine, 107. . 
+ R. Phillips, Ann. of Phil. N.S. ii. 301. 
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‘SECTION XXXI. valtbaslicacis 
Tellurium. , 


I. Teviturium was discovered by Klaproth, * in an ore of 
gold. His process for extracting it consists in the solution 
-of the ore by nitro-muriatic acid, dilution with water, and the 
addition of pure potassa, which throws down all the metals 
that are’ present; and, when added in excess, re=dissolves a 
white precipitate, which it at first occasions. To the alkaline 
solution, muriatic acid is then added; a precipitate again 
appears; and this, when dried, and heated with one’twelfth 
“its weight of charcoal, or with a small quantity of oil, in a 
‘glass retort, yields tellurium, in the form of small brilliant 
metallic drops, lining the upper part of the body of: the 
retort.—One hasielneds pate of ie ore yield bir 90 of tel- 
lurium. 

II. 1. The colour of this metal is tin-white, verging to 
lead-grey; it has considerable lustre, and a foliated or scaly 
fracture. It is very brittle; is fusible at a temperature below 
ignition; and, excepting osmium and quicksilver, is the most 
volatile of all metals. Itis the lightest of the metals, the 
bases of the alkalis and earths excepted; having sa ss prey 
gravity of only 6.185. | . 

2. It is oxidized when heated in contact with air ; 208 denis 
with a sky-blue flame, edged with green. Upon charcoal, 
before the blow-pipe, it inflames with “a violence resembling 
detonation; exhibits a vivid flame and entirely flies off in a 
‘grey smoke, having a peculiarly nauseous smell... Thissmoke 
when condensed, and examined in quantity, is found to be 
white with a tint of yellow. It is fusible by a strong heat, 
and volatile at a still higher temperature. It not only unites 
as a base with acids, but also itself possesses the character of 
an. acid, and forms a class of salts, which may be called. 
tellurates. It is composed, according to Klaproth, of 

Pellariinn <4: maids HOS) 9b uerenk OO, 
Oxygen pois cake 337 mew Oe 


100 


* Contributions, ii, 1. 
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Berzelius, however, determines the quantity. of oxygen, 
absorbed by 100 of tellurium, when changed into oxide, to 
be 24.8. If this result be correct, and the compound be the 
protoxide, the atom of tellurium should pee 32, and the 
oxide 40. : 

3. Tellurium is soluble in nitric and nitro-muriatic acids. 
The saturated solution is decomposed by the mere addition of 
water, which throws down a white powder; but this is again 
dissolved on adding more water.. Chlorine unites with tellu- 
rium, and forms a white semi-transparent compound, which 
is decomposed. when added to water... It consists, according 
to Sir H. Davy, of 100 tellurium united with 90.5 chlorine. 
From its solutions, tellurium is precipitated ina metallic form, 
by. iron, zinc, tin, and ‘even by muriate of tin. Carbonated 
and pure alkalis precipitate the telluric oxide united with 

water, in the form of a white hydrate ; and the oxide is re-dis- 
solved by an excess of alkali or carbonate. Alkaline sul- 
phurets throw down a dark brown or blackish precipitate. 
Tincture of galls produces a flocculent yellow precipitate. 
The solutions of this metal in acids are not decomposed by 
prussiate of potassa; a property which tellurium possesses in 
common with gold, platinum, iridium, osmium, rhodium, and 
antimony.’ 

Tellurium forms two distinct compounds with hydrogen, 
the one of which is solid and the other gaseous, . 1st. By mak- 
ing tellurium the negative surface in water, in the Galvanic 
circuit, a brown powder is formed, which is a solid hydruret 
of telluriun. 2dly. By acting with dilute sulphuric acid, upon 
the alloy of tellurium and potassium (which may be obtained 
by heating a mixture of solid hydrate of potassa, tellurium, 
and charcoal), we obtain a peculiar gas. This gas has a smell 
resembling that of sulphureted hydrogen. It is absorbed by 
water, and a claret-coloured solution results, which, by expo- 
sure to the air, becomes brown, and deposits tellurium. After 
being washed with a small quantity of water, it does not affect) 
vegetable blue colours. It burns with a bluish flame, deposit- 
ing oxide of tellurium. It unites with alkalis; precipitates 
most metallic solutions; and is instantly decomposed by 
- chlorine gas. It may be called tellureted h ydrogen gas. Accord- 
ing to Barsalibx is is constituted of 100 parts of tellurium 

VOL. Il. I 
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with a little less than two,parts of hydrogen. . It' probably con- 

sists, Dr. Thomson thinks, of -1. yolume of, tellurium vapour 

and 1 vol, of hydrogn gas condensed into 1, vol. which» would 

give telluretted hydrogen the sp. gr, of 2.2916 and. the 

atomic weight of 33. ) | 
eg 
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Lead. 


To obtain lead in a state of purity, Berzelius disolved it in 
nitric acid, and crystallized the salt several times, till the 
mother liquor, on adding carbonate of ammonia, gave no 
traces of copper. The pure nitrate of lead, mixed with char- 
coal, was strongly heated in a Hessian crucible; and the lead 
which separated, was kept some time in a state of fusion, in 
order to free it entirely from chareoal. The lead, thus obtain- 
ed, when redissolved in nitric acid, gave no trace of any 
other metal. : . 

Lead hasa bluish white colour; and, when recently cut or 
melted, exhibits considerable lustre, which soon, however, 
tarnishes. Its specific gravity is 11.852. Its malleability is 
sufficient to allow of its being beaten into very thin’ leaves 
and it may be drawn into wire, which has less tenacity, how- 
shi than that of most other metals. i. iy AS 

~ ‘The melting point of lead, according to Morveau, is 590° 
Fahrenheit ; ; bit according to Mr. Citchton of Glasgow it is 
612°. bisiussid to a red heat! with free access of air, it smokes 
and sublimes, and gives a grey oxide, which collects on sur- 
rounding cold teotlie It is slowly oxidized, also, by expo- 
sure to athe atmosphere at common temperatures; and more 

rapidly, when exposed alternately to the action of air and: 
water. . 

I. Oxides of Lead.—Lead appears to be susceptible of ems 
ing three distinct oxides. (1. The yellow protoxide may be 
obtained by decomposing nitrate’of lead with carbonate of soda, 
and igniting the precipitate, or by heating the nitrate to red- 
ness in a close vessel. “This oxide is tasteless, insoluble: im 
water, but soluble i in potassa and in acids.’ When heated, it 
forms a yellow’ spcrliy cd ari glass, called peasy ss 


t 
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is, to a considerable degree, volatile at a red heat. Another 
form.of the yellow oxide is that which is known in commerce: 
by the name of massicot. 

The yellow or protoxide of lead has been investigated by 
Proust, ‘Thomson, and. Berzelius;* and its composition, as 
determined by the last-mentioned chemist, is 


Tend ee, .. O02 Bae tee OO. ee rir] Oh 
Pe lec aL na eek. Cefee ekineine he 


(Somers 


100. | 112 


2. The second, or deztoxvide of lead, may be obtained b 

exposing the protoxide of lead, or the metal itself, to heat, 
with a large ‘surface and a free access of air, for some time, 
till, at iapth it is converted into a red oxide, known in com- 
merce by “the names of minium or red lead. This, however, 
is an impure substance, containing sulphate of lead, muriate 
of lead with excess of base, oxide of copper, silex, and a por- 
tion of the yellow oxide. The protoxide, Berzelius found, 
may be removed by acetic acid, which does not act on the red 
oxide. Making allowance for the other impurities, he deter- 
mined the composition of red oxide of lead, which may be 
considered as the dentoxide, to be 


Lead eoerven 90 @euonee 160. e@seeee 104 

Oxyen cca phe Hila ice's .11.08 eee 12 

Got Biel 100 116 
~ When minium is digested with nitric acid, one part of it 
is reduced to the state of yellow oxide, and is dissolved by the 
acid; and the remainder is a brown oxide, contaminated (if 
impure’ minium has been used) with the substances which 
have been mentioned. ‘This oxide may be procured, also, by 
passing a current of chlorine gas through water, in which 
the red oxide is kept suspended, and by precipitating with 
caustic potassa, and drying the oxide. It is of a flea or puce 
colour; very fine and light in its texture; and insoluble in 
~ * The numbers lately assigned by Berzelius (Ann, of Phil. xv. 94) differ 
so ittle from those which follow, that I have thought it unnecessary to 


change them. The protoxide he now makes = 100 lead + 7,725 oxygen. 
12 


! 
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nitric acid. When strongly heated, it gives out 3 or 4 per 
cent. of oxygen gas, and is converted into yellow oxide, It 
consists, according to Berzelius, of 


Desay aon, Oy SES LO TOO! eos 
CORON Pe SS TS4D IAS MUS ON AG 


Saerec oem eco Caen od 


100. 115.6 120 


On comparing the quantities of oxygen united with 100 parts 
of lead, in these three oxides, we shall find that the numbers 
7.7, 11.08, and 15.6, are very nearly in the proportion of 1, 
11, and 2.. If, therefore, we multiply these last numbers by 
2, we shall have the oxygen, in the three oxides of lead, 
represented by 2, 3, and 4. This view of. the subject renders 
it probable, that there may exist an oxide of lead, with less 
oxygen than any at present known; but the notion is not 
countenanced by the composition of the sulphuret. From 
the protoxide, the weight of the atom of lead is determined 
to be 104, and the composition of the three oxides is as fol- 
lows: 


Protoxide 104 lead + 8 oxygen = 112 
Deutoxide 104 lead +12o0xygen = 116 
Peroxide 104 lead +160xygen = 120 


The yellow oxide of lead, when precipitated by pure alkalis 
from its compounds, forms a white hydr ate, the cornasition 


of which is not exactly known. 


The oxides of lead are easily vitrified, and have the pro-- 
perty of uniting with all the metals except gold and silver. 
Hence gold or silver may be purified by melting them with 
lead. ‘The lead becomes first oxidized and then vitrified, and 
sinks into the cupel, carrying along with it all the baser metals, 
and leaving the gold or silver on the surface of the cupel. 
The quantity of lead required for silver of various degrees of 
fineness may be learned from a memoir of D’Arcet, in ih first 
volume of Annales de Chim. et de Physique. 

The oxides of lead give up part of their oxygen on the 
application of heat. When distilled in an earthen retort, 
they afford oxygen gas ; and still more readily when distilled 
with concentrated sulphuric acid. They are completely 
reduced, by being ignited with combustible matter. Thus, 
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when a mixture of red oxide of lead and charcoal is ignited 
in a crucible, a button of metallic lead will be found at the 
bottom of the vessel. “Mere trituration of the peroxide in a 
mortar with a little sulphur, and the subsequent addition of 
a small bit of phosphorus, ocg¢asions a violent explosion. * 
Pure water has no action on lead, but it takes up a small 
proportion of the oxide of that metal. When left in contact 
with water, with the access of atmospherical air, lead soon 
-becomes oxidized and dissolved, especially if agitation be used. 
Hence the danger of leaden pipes and vessels for containing 
water, which is intended to be drunk. Water appears also 
to act more readily on lead, when impregnated with the neutral 
salts that are occasionally present in spring water. + 
> II. Chloride of Lead.i—When 80 grains of lead, reduced to 
fine filings, are thrown into 60 cubic inches of chlorine gas 
moderately warmed, the metal burns with a clear white flame 
accompanied with sparks. The combination of lead and chlo- 
rine may, however, be more easily effected, by precipitating 
the nitrate or any soluble salt of lead with a solution of com- 
mon salt, and washing the precipitate with a sufficient quantity 
of water, It has a sweet taste, and is soluble in 22 parts of 
water at 60°, and also in diluted nitric acid. When dry, it 
is fusible, at a heat below redness, into a semi-transparent 
substance of the consistence of horn, from whence it has been 
called horn lead or plumbum corneum. By an intense heat it 
is volatilized. It has been analyzed by Berzelius, who states 
it to consist of 100 muriatic acid + 409.06 protoxide of lead, 
equivalent to 380.06 metallic lead + 129 chlorine. Dr. John 
Davy found it to be composed of 


Cihorine. s*se5 25.78) oe ond OE io Ly eles 5 
Bestiis hos Om ey ooee ott, Bee cere, LO4 
100 140 


It is the only compound of Jead and chlorine that is known, 
and it is constituted of 1 atom of each of its elements. 


* Thomson’s Annals, ix. 31. 

+ On the presence of lead in water, consult Dr. Lambe’s “ Researches 
lespecting Spring Water,” (8vo. London. Johnson) and also Guyton, 
#6 Nich, Journ. 102. 
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|. When ‘two parts of the red oxide of lead aré made into 
a paste with one of muriate of soda, and water added occa~ 
sionally as the mixture hardens, soda is disengaged, anda 
sub-chloride of lead is formed mixed with oxide of lead. This, 
on fusion, affords the fine yellow pigment called: mineral or 
patent yellow. The disengaged soda attracts carbonic acid 
from the atmosphere, but not enough to convert it into a car- 
bonate. In the large way, it is found necessary to supply 
earbonic acid to the soda thus formed, by burning it with saw- 
dust. By this process, a large quantity of soda was extracted 
from common salt, till cheaper methods were discovered. 

Iodide of lead may be prepared either by the direct com- 
bination of iodine with lead, or by precipitating nitrate of 
dead -with hydriodic acid, and heating the precipitate. . It is 
constituted of 1 atom of iodine = 196 + 1 atom of lead = 
104, together 230. | 

Iodate of lead is thrown down in an insoluble state when 
-iodate of potassa is added to nitrate of lead. 


III. Salts of Lead. 


Sulphuric acid has no action on lead, except when concen- 
trated and at a boiling temperature. It is then decomposed, 
and sulphurous acid is formed. The insolubility of lead in 
sulphuric acid: occasions its being employed as the material 
for constructing the chambers in which that acid is prepared, 
and even for boiling down the weak acid. Sulphate of lead, 
however, may be formed, either by adding sulphuric acid, or 
still better, sulphate of soda, to any of the salts of lead. 
Though it is found native in regular crystals, it cannot be 
crystallized artificially. Its insolubility both in water and in 
nitric acid renders its formation of use as a step in mineral 
analyses, and hence it is necessary to know its exact composi- 
tion, which is stated by Berzelius as follows :— 


Sulphuric acid . .26.34....100....1 atom = 40 
Yellow oxide...73.66....279....1 do. 112 


l 


| 100. | 379 152 

Sulphite of lead may be formed by the direct action of sul- 
phurous acid on the protoxide, or by mingling solutions of 
nitrate of lead and sulphite of potassa. It is white, insoluble, 
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and tasteless, .and. gives sulphurous acid when heated. It 
consists of 1 atom of base =.112.+ 1 atom of acid = 32. 

Nitrate of lead.—Nitric acid, a little diluted, dissolves lead, 
with the extrication of nitrous gas. If the acid be in small 
‘quantity, a sub-nitrate is formed, which becomes soluble’ on 
adding more acid. A small portion remains undissolved, 
which Dr. Thomson finds to be oxide of antimony with a 
little silica. The solution is not decomposed when poured 
into water. By evaporation, it yields large regular tetrahe- 
dral.or octohedral crystals, which are soluble in about 7+ parts 
of boiling waters .They contain no water of crystallization, 
and consist, according to Berzelius, of 


Witric acids. esd27S vers LOO biatom. = 154 


“Yellow oxide....67.22.... 209.5..1 do. = 112 
100. BOO fs, 166. 


Chevreul erroneously considers this salt as a super-nitrate,* 
and describes a scaly salt as the neutral nitrate, which is in 
fact a sub-nitrate, (di-nitrate of Thomson) consisting of 


Nitric acid ...... 19.86 ....100..1l atom = 54 — 
Yellow oxide .... 80:14 .....403 ..2do,.. = 224 


a ———— 
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-By boiling 4 parts of the nitrate, and 6 of Jead, with 350 
parts of water, for 14 hours, Chevreul obtained a liquid, 
which yielded two sorts of crystals ; the one, in the form of 
plates, a nitrite ; and the other, in the shape of needles, a 
sub-nitrite or di-nitrite. ‘The nitrite was little soluble in cold 
water, and boiling water dissolved only about a tenth of its 
weight. It was decomposed by all the acids that were tried. 
Its constituents are 2 

Nitrous acid: av os ieiee tS AG he ois sine 100 
Yellow oxide ..4..... 81.85 ...... 450 


100. 
_ The sub-nitrite crystallized in needles, of which 100 parts 
of boiling water dissolved about thrée parts, and retained one; 
~when conled.donn to. 73° Fahrenheit. It consisted of, 


* Thomson’s Annals, 101. 
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i Nitrous acid a i ee ee 9.9 2 sie! we 100 > f 
Yellow oxide (.4:.008.6. 90.1 2.6000) 910s 


oq eee 


100. 


Hyponitrite of lead.—Berzelius obtained this salt by dis- 
solving a given quantity of di-nitrite of lead in water, adding 
sufficient sulphuric acid to. throw down half the lead, filtering 
the solution, and allowing it to, crystallize spontaneously. 
‘The crystals consisted of 


Hyponitrous acid ......23.90.... or l atom.. 38 ae 
Protoxide of lead ......70.44....o0r 1 atom..112 
Water .cceeeeveeetees 5.66... 0r latom..' 9 


ees se 


100. ; (159. 


ey Na of lead.—Carbonic acid may be made to com- 
bine with protoxide of lead, by precipitating the nitrate of 
‘lead with carbonate of soda, or by long exposure of thin sheets 
of lead to the vapour of vinegar. In the latter case, we. ob- 
tain the carbonate of lead or common white lead, which Berg- 
man has shown to contain no acetic acid, though, made by its 
intervention, According to Berzelius, it consists of 


Carbonie'acid ...16.5 ....100.  .... 1 atom = 22 - 
Oxide of lead .. 83.5 .... 506.82 ....1 ditto = 112 


ae eset 


100. | 134 


Acetate and Sub-acetate.—When carbonate of lead is dis- 
solved in distilled vinegar, and the solution crystallized, we 
obtain a salt of great utility in the arts, the super acetate, or, 
uiore properly, acetate of lead, long known, from its sweet 
taste, under the name of sugar of lead. 

It is in the form of small shining needle-shaped crystals, 


_ whicd are almost equally soluble in hot and in cold-water, viz. 


to about one-fourth the weight ofthe fluid. “The solution is 
decomposed by mere exposure to the air, the carbonic acid 
attracting the lead, and forming an insoluble carbonate. It 
is decomposed, also, by the carbonates and sulphates of 
alkalis. 


Acetate of lead consists, according to the experiments of 
Ber zelius, of 
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Acid.. eo ee e « 26.97 a ee 100 [5 2-%) ; wih 1 atom. eo. 50 
Yellow oxide 58.71 .... 217.662,.... 1 ditto .. 112 
Water fa haere 14.32 Arr ee coe Oe) bes vi 3 ditto ee Qi, 


| Tae oi th OO patch oc tilu cs } Si gta 

By boiling: in water a solution of 100 parts of acetate of lead 
and 150 of finely pulverized litharge, the acetate passes to the 
state of sub-acetate. Thetaste of this salt-is less sweet; it is 
less soluble in water, and crystallizes in plates. It is com- 
posed, according to Berzelius, of 


WGI TIT AVRO s 1000 28, OF Baton P50 
Yellow oxide. ... 86.77 .... 656 .... 8 ditto ..°336 | 


100. 

i: "This salt-is called'by Dr. ‘Thomson the ¢risacetate; and he 
‘has described also a diacetate or compound of 2 atoms of base 
‘with 1 atom of acid, and 10 of water, formed by boiling crys 
tals of acetate of lead and litharge in proper proportions with 
the requisite quantity of water. (First Prin. 11. 373.) 

Phosphate of lead:—The yellow oxide of lead unites with 
phosphoric acid, either directly, or by mixing the solutions of 
a neutral alkaline phosphate and of nitrate or acetate of lead. 
The compound is insoluble, and is composed, according to 
Dr. Thomson, (Annals of Phil. i. 12.) of 


Phosphoric acid .. 20 .... 100 .... 1 atom = 28 
* Yellow oxide...... 80 .... 400 .... 1 ditto 


t} 

—_ 
_— 
Ys) 
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There is also, according to Dr. Thomson, a di-phosphate, 
conststing of 1 atom of phosphoric acid and 2 atoms of the 
Wrotonide. 

Chromate of lead is found native in fine orange-coloured 
prisms. It is anhydrous, and is constituted of 


~ 


RUTOIIG ACI. oats 6 ek he ees, L atom) 62 
Protoxide of lead ..'2..,....+<ee 1 ditto 112 


— ae 


164 


IV. Sulphuret of lead.i—All the solutions of lead are de- 
composed by sulphureted hydrogen and by alkaline hydro- 
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sulphurets, and a hydro-sulphureted. oxide is thrown: down. 
Hence these compounds ‘are excellent tests of the presence of 
lead-in wine or any other. liquor; discovering: it- by a dark- 
coloured precipitate. Hence, also, characters traced with 
solution of acetate of lead become legible when exposed to 
sulphureted hydrogen gas. ‘The same property explains, too, 
the effect of alkaline hydro-sulphurets in blackening the glass 
bottles in which their solutions are kept. The effect is owing 
to the action of the sulphureted hydrogen on the oxide of lead 
which all glass contains. 

Lead unites also in its metallic state with sulphur ; ue con- 
stitutes a native compound of a blue colour with considerable 
brilliancy called galena, which is the source of almost all the 
lead of commerce. ‘This compound may, also, be formed ar- 
tificially. ‘The sulphur and lead, which it contains, are*in 
such proportions, that when. both are combined with oxygen; 
and converted, the one into: sulphuric acid, and the other into 
yellow oxide of lead, the acid and oxide exactly saturate each 
other. These proportions are, 


- Sulphurs.....13.36....4. or latom 16 
Lead eoevoveen 86.64 .cee08 or 1 atom 104 


eres 


WwW eight of its atom .. 120 


The stoves of lead are described in other sections of this’ 
chapter. 
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METALS, THE OXIDES OF WHICH ARE REDUCIBLE BY 
_ HEAT ALONE, 


‘SECTION XXXIIL 
Mercury. 


Mercury, or quicksilver, is the only one of the metals, that 
retains a fluid form at the ordinary temperature of the at- 
mosphere. 

When its temperature is reduced to about 39° or 40° below 
zero of Fahrenheit, it becomes a solid. This is a degree of 
cold, however, that occurs only in high latitudes. In this — 
country quicksilver can only be exhibited in a solid state by 
means of artificial mixtures. By congelation it acquires an’. 
‘Increase of specific gravity; and, therefore, unlike other 
metals, the congealed portion sinks to the bottom of a fluid 
mass of mercury. Its specific gravity, at 47° above 0 of 
Fahrenheit, being 13.545, it was found increased by congela~ 
tion, in an experiment of Mr. Biddle, to 15.612, or about 
one-seventh. 
~ At about 660° of Fahrenheit, 656° according to Crichton, 
680° according to Petit and Dulong, or 662°, measured by 
a true thermometer, mercury boils, and is changed into va- 
pour. Hence it may be driven over by distillation, and may 
thus be purified, though not accurately, from the admixture 
of other metals. When its temperature is considerably in- 
creased above this point,-the vapour acquires great expansive 
force, and the power of bursting the strongest vessels. 

Gay Lussac has calculated that the vapour of mercury is 
12.01 more dense than oxygen gas, and that the liquid metal 
in becoming gaseous, increases in volume 961 times. The 
evaporation of quicksilver 7 vacuo at common temperatures 
is shown by the fact that in warm weather, mercurial vapour 
forms spontaneously in the upper part of a barometer tube; 
and condenses in minute drops on its inner surfaces ~ 

It has been supposed that mercury has the property of con- 
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aining air within its pores, in the same invisible state in which 
air exists in water; but it appears probable, from the remarks 
of Mr. Daniel, that the air, which escapes on boiling mercury 
in a glass vessel, arises only from the surface of the glass, with 
which it is retained in contact. (Met. /ssays, p. 363.) 

I. Oxides of Mercury.—Mercury is not oxidized, when 
pure, at the ordinary temperature of the atmosphere; but 
preserves the lustre of its surface unchanged for a considerable 
time. There are several methods, however, by which it may 
be brought to combine with oxygen. 

(a) Mercury is oxidized by long continued agitation in a 
bottle half filled with atmospherical air, and is converted into 
a black powder to which Boerhaave gave the name of ethiops 
per se. In this the oxide.is mixed, however, with much me- 
tallic mercury. When the black oxide (which may be ob- 
tained, with less trouble, by boiling calomel with an excess 
of solution of potassa or soda), is distilled in a glass retort, 
oxygen gas is evolved; or, if a moderate heat be long con- 
tinued, it acquires a reddish colour, and a still raat ie dose 
of oxygen. . 

The protoxide of mercury, it is asserted by Guibourt, can- 
not be obtained perfectly pure; for when either pro-nitrate or 
protochloride of mercury is decomposed by potassa, the pre- 
cipitate, even when excluded from air, contains peroxide of 
mercury and small globules .of metal, the latter of which are 
discoverable by a magnifier. Nor can it be procured by tri- 
turating the peroxide with metallic mercury.* This assertion, 
however, which he has extended.to the protosulphuret,. has 
been satisfactorily refuted in the Quarterly Journal, xviii. 291. 

(b) Another oxide of mercury is obtained by exposing the 
fluid metal, for several days, to nearly its boiling temperature, 
in a flat glass vessel, into which air is freely admitted. After 
a sufficient length of time, small flaky crystals form on its sur- 
face, of a brownish red, or flea colour. This red oxide was 
formerly called precipitate per se. When distilled alone in 
a glass retort, it yields oxygen gas, and returns to a metallic 
state. It is composed, peering to Fourcroy and Thenard, 
of 100, metal and 8 of oxygen. Sir H. Davy, also, finds its 


* 6 Ann, de Chim, et Phys. ii. 422. 
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oxygen to be-exactly double that of the protoxide, which, 
from his experiments is composed of 190 mercury, and 7.5) 
oxygen, while the peroxide consists of 190 metal and 15 
oxygen. Hence the protoxide is composed of 

WlerClry ve. ese GOvee avr ee sd LOO 

QR VREIN eect TO ab teed te OMT 


Lehi alti 100. 103.947 

And the peroxide of 
MIEFcury os + 0s e ILION Ves es er ROUT 
REY em TS Sele et tee 


100. 107.894 


Mr. Donovan finds that 100 parts of mercury take, to form 
black oxide, 4.12 of oxygen; and, to form red oxide, 7.82. 
But the two last numbers, not being strictly coincident with 
the law of multiple proportions, one of them must be erro- 
neous. Admitting the red oxide to consist of 7.82, upon every’ 
100 grains of mercury, the black must consist of 100 + 3.91.. 
It will, perhaps, be sufficiently near the truth, if we admit, 
with Dr. Wollaston, that, according to the original determi- 
nation of Fourcroy and Thenard, confirmed by the recent. 
experiments of Sefstrom,* the black oxide consists of 100 metal, 
united with 4 of oxygen, and the red of 100 mercury + 8 
oxygen. The latter number agrees also with the experiments 
of Guibourt ; and the oxygen in the protoxide, though, from 
his analysis, it appeared to amount to 44 oxygen upon 100 mer- 
cury, may be safely taken at half that in the peroxide. This 
would make the atom of mercury to weigh 200, for 4:100:: 
8:200. We may consider then the two oxides of mercury 
to be composed as follows: 

f Mercury. Oxygen. Merc. Oxyg. At. wt. 

Protoxide. 100 .... 4 .... latom+ 1 atom .... 208 
Peroxide... 100 ....8 .... 1 atom + 2atoms .... 216 


Peroxide of mercury, Guibourt finds, is decomposed by 
long continued exposure to light. It is soluble in water, and 
communicates to it the property of turning syrup of violets 


green, and of being precipitated by su!phureted hydrogen. 


* Ann, of Phil, N.S, ii, 126. 
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With ammonia, the peroxide forms an aximaniare of mercur ys 
decomposable by heat. . eiugnehes aide: wesnatl 
2 II... Chlorides of ‘mercury pn epomaebie unites. veasily, saith 
Kdaraues and if heated. in that. gas, burns with a pale red flame, 
The product i is identical with the salt called corrosive sublimate, 
which in fact is a chloride of mercury, and is. termed per- 
chloride or bi-chloride to distinguish it from calomel, another 
compound of the same emit in different proportions. 
According to the experiments of Sir H. Davy, corrosive: subs. 
limate is wponsunited of 190 mercury + 67.0 chlorine, or it 
consists of J. atom of mercury = = 200 + 2 atoms of chlorine = 


72, or of . 


Mercury’...... 74 4... 100 .... latom 200 
nenGhloring 250s eR Ore) O8b.2 2 win? atomeety ait 


eee : ' Seas mee 


100 , pia aaa oat Bh 


“When the perchloride is accurately pick with about! half 
its weight of metallic quicksilver and sublimed, we obtain a 
compound of chlorine and mercury, called proto-chloride of 
mercury or calomel, a substance long used,. and’ of . great 
importance in medicine. It is asperttied of one .atom of 
mercury = 200 + one atom of chlorine = 36, or of © 


WIP TCUIY hoo g's uD nae ecm LOU. 1. 4 a eeOL 200 
ODE x Maeuy Tad ae ag Dd ie ce 1 atom 36 


oe —— 


100 eth 236 


~ Corrosive sublimate and calomel are not, however, prepared 
for use by the direct combination of chlorine and mercur Y> F 
but by a method which will be described in speaking of the 
sulphate of mercury. 

Bi-chloride of mercury is a white semi-transparent mass, 
sometimes perfectly crystallized. (An. of Phil. N.S. vi. 285.) 
Its specific gravity is 5.2. Light has no action on it in its 
solid form. It has an acrid had nauseous taste, and leaves in » 
the mouth a permanent metallic flavour. It is'a violent poison. 
Water at 60° Fahr. dissolves rather more than one-twentieth 
of its weight. ‘The solution. is decomposed by light, and’ 
calomel is formed. Alcohol, sp. gr. .816, takes up half its 
weight, and ea the Benes party. 1.08. Ether, sp. gr. 
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“745, ‘dissolves one-third of its weight, ard the: solution “has 
the same specific gravity as that effected by alcohol. -Muriatie 
acid, sp. gr. 1,153, at ‘70°. Fahr.. takes up twice its: weight of 
corrosive sublimate, and the solution is of specific gravity 2.4123 
but, on lowering its temperature a few degrees, it suddenly 
becomes solid, From Dr. Dayy’s experiments (Phil. Trans. 
1822), corrosive sublimate appears not to:be soluble in the 
sulphuric or nitric acids, It is capable of uniting, and forming 
a double salt, with muriates of ammonia, potassa, soda, baryta, 
and magnesia, all of which greatly increase its solubility; and 
the solutions by these menstrua, as well as by alcohol and 
ether, Dr. Davy finds, undergo no change by exposure to the 
light. When dissolved in water, it is to be presumed: that 
each atom,of bi-chloride decomposes two: atoms: of water, the 
oxygen of which forms 1 atom of deutoxide of mercury, 
while the hydrogen forms with the two atoms of chlorine an 
equivalent quantity of muriatic acid, which with. the peroxide 
composes muriate of mercury. From the watery solution, 
alkalis throw down peroxide of mercury, first as an Rena? 
and afterwards as a brick-red precipitate, ! 
Proto-chloride of mercury (calomel) is white, cr vatalling, nid 
very heavy, its specific gravity being 7.2. It is tasteless, and 
nearly insoluble, and may be taken in doses of several grains, 
without any effect but that of a purgative. When a mass of 
it is scratched, it gives a yellow streak, which is not the case 
with the perchloride; and when very finely powdered, it has.a 
light buff colour. It is decomposed when boiled: with a solu» 
tion of muriate of soda, and still more readily and completely 
by muriate of ammonia, which converts it entirely. into 
bi-chloride and mercury, the former remaining in solution. 
(Hennell in Quart. Journ, xviii. 295.) If therefore either of 
these salts be employed, as is recommended, to dissolve any 
corrosive sublimate remaining in calomel, they showit be used 
only in cold and very dilute solutions. | . 
IIT. Salts of Mercury. ai 
Pr oto-sulphate. —Mercury is dissolved by hot and con 
centrated sulphuric acid. Two parts of sulphuric acid and one 
of mercury are the proportions g generally used; and as str ‘ong 
sulphuric acid ‘acts but little on iron, the combination on a 
large scale may be made in an iron vessel ; but’ for delicate 
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purposes one of glass should be used. The proto-sulphate is 
deposited in fine white scaly crystals, which when washed with 
a little water, and dried on blotting. paper, probably consist of 
1 atom of acid, 1 of protoxide, and 2 atoms of water. When 
the sulphate is heated for some time, at a temperature-exceeding 
that of boiling water, it loses still: more acid, and is changed 
intoa hard.grey mass.. When this is removed from the fire, 
and boiling water: poured upon it, a lemon-yellow coloured 
powder is formed, called Twrbith Mineral. This substance 
requires for solution 2000 times its weight of. water. i 

The principal use of sulphate of mercury is in the forma- 
tion of corrosive sublimate and calomel. The following 
methods of preparing these compounds have been described by 
‘Mr. Brande: For.corvosive sublimate, 50 pounds of mercury _ 
are boiled to dryness in a cast iron pan with 70 pounds of sul- 
- phuric acid; 73 pounds of super-sulphate of mercury are 
thus: formed, which being perfectly mixed with 120 Ibs. of 
muriate of soda and nae Hly yield. from 63 to 65 lbs. of » 
corrosive sublimate. 

To form calomel, 50 lbs. of mercury are boiled with 70 Ibs. 
of sulphuric acid to dryness: 62 ]bs. of the dry salt are tritu- 
rated with 401 pounds of mercury until the globules disappear, 
and 34 Ibs. of: common salt are then ne The mixture is. 
submitted to heat in earthen vessels, and from 95 to 100|bs.._ 
of calomel are the result. This is first to be ground to a fine | 
and impalpable powder, and. then washed ria ane quantities 
of distilled water. (Manual, vol. ii.) 

Chlorates of mercury.—The oxides of mercury ee Maes in 
chloric acid. The salt formed with the peroxide is the most 
soluble. ‘When heated, both give out oxygen gas, and are 
converted into peroxide of mercury and corrosive sublimate. 
(Vauguelin, Ann. de Chim. xcv. 103. ) 

Mercury and iodine.—There are two compounds of these 
bodies, which may be formed either by gently heating mercury 
with iodine, or by mixing solutions of mercury with hydriodic 
acid. Both are beable, The prot-iodide,: consisting of 1 
atom of mercury + 1 of iodine, is yellow. The deut-iodide, 
consisting of 1 mercury + 2 iodine, has a fine red colour. 

Mercury and cyanogen.—Cyanide of mercury may be pre- - 
pared by boiling in a mattras eight parts of water, two of finely 
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powdered prussian’ blue, and one of peroxide of ‘mercury: 
When the liquid assumes a yellow colour, it is to be filtered, 
and the cyanide of mercury is deposited in regular crystals, 
described Ann. of Phil. N.S. vi. 42. By repeated evapora- 
tion and cooling, all the cyanide that is capable of crystallizing, 
will’ be separated, mingled however with some oxide of iron. 
To purify it, Proust recommends that it be re-dissolved ; 
boiled with an excess of oxide of mercury; and again filtered. 
The liquid retains an excess of the oxide, which may be satu- 
rated by adding hydro-cyanic acid, for the oxygen instantly 
passes to the hydrogen of the acid, and the cyanogen to the 
mercury. The cyanide may now be crystallized again; and, 
if intended for the preparation of cyanogen, it must be 
thoroughly dried, dennis however more heat than is abso- 
lutely necessary. 

Nitrate of mercury.—Nitric acid of specific gravity 1.42 
dissolves mercury, both’with and without the assistance of 
heat. At the common temperature, but little nitrous gas is 
evolved; and the acid becomes slowly saturated. ‘The solu- 
tion is very ponderous and colourless; and yields, by evapo- 
ration, large transparent crystals of proto-nilrate of mercury, 
consisting probably of 1 atom of acid, 1 of protoxide, and 2 
of water. Grouvelle has also described a sub-protonitrate, 
containing 1 atom of nitric acid, and 2 atoms ‘of protoxide 
without any water. The solution of protonitrate does not 
become milky when mingled with water. Pure fixed alkalis 
give a ‘powtia white precipitate; and ammonia a greyish 
black one. » 

But if bake be used, dad the acid be less diluted, a brisk 
effervescence arises, occasioned by the escape of nitrous. gas, 
‘and a solution is obtained, in which the metal is more highly 
oxidated, constituting per-nitrate of mercury. When this 
solution is allowed to oooh it forms transparent and colourless _ 
rhombic prisms, constituted of 1 atom of acid, and 1 atom of 
peroxide. But if poured into cold water, a yellowish white 
sediment is formed; or, if into boiling water, an orange 
coloured one. Both precipitates consist of nitric acid, with a 
great excess of oxide, for sisi i an insoluble sub-pernitrate of 
mercury. — 

If a solution.of the pernitrate be boiled with a fresh quan- 

VOL, II, vd 
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tity of mercury, the newly added metal is taken up, without 
any discharge of /nitrous gas, the metal becoming oxidized at 
the expence ae that already dissolved. 

When the nitrate of mercury is exposed to a heat grithacllp 
raised to 600° or upwards, it is deprived of water and of most 
of its acid, and reduced to an oxide, which has the form of 
brilliant red scales. This substance, commonly called red 
precipilaie, is termed more properly the nitroxide of mercury 5 
because it still contains a smali proportion of acid. 

Whiie precipitated mercury.—The substance used in medi-: 
cine under this name, has been shewn by Mr, Hennell to 
consist of 

| 1 atom of peroxide of mercury ....%. 216 

1 atom of muriate of ammonia ...... 54 


——w 


270. 3 


Fudinindaing mercury.— Mercury is the basis of a flideni 
nating compound discovered by the late Mr. E. Howard. . To 
prepare this powder, 100 grains (or a greater proportional 
quantity, not exceeding 500) are to be dissolved, with heat, in 
a measured ounce and half of nitric acid. _ The solution being 
poured cold upon two measured ounces of alcohol, previously 
introduced into any convenient glass vessel, a moderate heat 
is to be applied till effervescence is excited. A white fume 
then begins to undulate on the surface of the liquor, and the 
powder will be gradually precipitated on the cessation ‘of 
action and re-action. The precipitate is to be immediately 
collected on a filter, well washed with distilled water, and 
cautiously dried in a heat not exceeding that of a water-bath. 
The immediate washing of the powder is material, because it 
is liable to the re-action of the nitric acid; and while any of 


that acid adheres to it, it is very subject to be decomposed by | 


the action of light. From 100 grains of mercury, about 120 
or 130 of the powder are obtained.* This powder’has the 
property of detonating loudly ina gentle heat, or by slight 
friction. Hence it has been proposed as a means of ee 
ordnance. But an accident described by Professor Silliman; 
as having happened in his laboratory, shows’ that this’ fulmi- 


_* See Phil. Tran. 1800, page 214. 
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nating compound explodes from such trifling causes, as not to 
be kept without danger, even when sétiited from suichion, or 
heat.* It has been shidwn by the experiments of Liebeg and 
Gay Lussac, (Ann. de Ch. et de Phys. xxiv. and xxv.) that 
fulminating .mereury. owes its, properties to a peculiar acid, 
united with oxide of mercury, which may be transferred from 
it to alkaline and other bases, but is not obtainable in a sepa- 
rate state. Of this acid, to which they have given the name 
of the fulminic, more will be said in treating of fulminating 
silver, 

dN. Stalphuriets of mercury.—By combination with sulphur, 
sires affords two distinct compounds, By long continued 
trituration, these two bodies unite, and form a black sulphuret, 
called formerly e¢hiops mineral, which is not soluble without 
decomposition in alkaline solutions, but dissolves readily in 
nitric acid. When united together by fusion, and afterwards 
sublimed, they, constitute a red sulphuret, called cinnabar, 
which, when powdered, affords the common pigment ver- 
million. The process used by the Dutch, who have long been 
celebrated for the preparation of cinnabar, is debuted in the 
4th volume of the Annales de. Chimie, or in Aikin’s Dic- 
tionary, vol. ii. This compound also may be obtained by 
mixing concentrated solutions of muriate of mercury and 
hydro-sulphuret of ammonia. A brownish muddy precipitate 
is obtained, which, when left undisturbed,.turns yellow in three 
or four days, then orange, and finally acquires a beautiful 
cinnabar colour.t It is from a natural compound of mercury 
and sulphur, called native cinnabar, that most of the mercury 
of commerce is obtained, by sled the compound | with 
iron filings... re 

~The composition of the sulphurets of mercury has sbeen 
sdblcbibe win experimentally by Guibourt.{ :The first he ob- 
tained by acting on calomel; and the second on corrosive 
-sublimate,-with sulphureted hydrogen. Both the resulting 
compoundsare black; but the latter is entirely convertible into 
¢cinnabar. of the usual colour by sublimation, while the former is 
resolvéd by heat.into. quicksilver and bi-sulphuret. Analysis, 
by distillation with iron, showed them to consist as follows: » 


_*® Edinb. Phil. Journ. i. 417. + Nicholson’s Journal, 8vo. i, 299. 
~ Ann, de Chim, et de Phys. ii. 425. 
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Amalgans:—Mereury dissolves soe silvery tin, and many 
other metals; and. if these be combined with it in sufficient 
quantity, the mercury loses its fluidity, and forms an amalgam. 
A solid amalgam of lead, and another of bismuth, on admix- 
ture together, have the singular property of instantly becom- 
ing fluid. ‘The extraordinary powers of the base of ammonia ° 
in amalgamating with mercury, have already been described 
in ipeang of that alkali. : 

* By combination with mercury, metals that are not easily 
oxidized, acquire a facility of entering into union with oxygen. 
Thus gold and silver, when combined with mercury, ‘are 
‘oxidized by agitation in contact with air. ‘This fact furnishes 
a striking ilistration of the effect of overcoming the agere- 
gative affinity of bodies, in promoting chemical union. 

SECTION XXXIV. 

"Silver. 


arene’ is a dias. which eats of a degree of lustneji in- 
ferior only to that of polished steel. | Its ‘nila gravity, after 
being hammered, ‘is 10.51. In malleability, ductility, and 
tenacity, it exceeds: all the metals, except gold. . Its fusing 
point, as determined by Dr. Kennedy, is 22° of .Wedgwood’s 
pyrometer. By considerably: raising this heat, it may be 
volatilized ; and by slow cooling of the fused mass, it may be 
made to assume a regular crystallized form. 
«.Texobtain silver ina state of purity, Mr. Donovan recom- 
mends, that 240 grains of standard silver be dissolved in as 
much pure nitric acid of specific gravity about 1.2, as willbe 
barely necessary for solution. . This is to be filtered, and dis- 
tilled water. allowed to run through the filter, until the fluids 
amount to two ounce measures. A bright plate of copper 


ne 


+ Ann, de Chim. et'de Phys. ii. 425, 


SECT, XXXIY¥. SILVER. © 188 


weighing upwards of 64 grains is to be immersed and fre- 
quently agitated in it. When the silver has entirely preci- 
pitated, which will very soon happen, the clear supernatant 
liquor is to be poured off;.and the precipitate to be well 
washed with pure water. ‘The silver is next to be boiled for a 
few minutes in liquid ammonia. It is then to be well washed 
with water and dried on a filter; after which, if required, it 
may be melted in a crucible.* Dr. Thomson found it diffi- 
cult to obtain silver free from copper, even when reduced from 
the chloride, but accomplished the object by first washing the 
chloride with diluted nitric acid, which removed the copper. 
(First Prine. ii, 436.) 

‘The chemical properties of silver are the following: 

I. Oxides of Silver.—Silver is difficultly oxidized by the 
concurrence of heat and air. The ¢arnishing of silver is owing 
not to-its oxidation merely, but to its union with sulphur, as 
Proust has satisfactorily shown. - 

By transmitting a Galvanic or electric discharge through 
silver wire, it is oxidized; and by long exposure of silver to 
heat, with free access of air, it is at length converted into an 
olive-coloured glass. 

From some curious facts, which are stated by Mr. Lucas in 
vol. iii. N.S. of the Manchester Society’s Memoirs, it appears 
that silver, when melted, and exposed to a current of air or 
of oxygen gas, forms a temporary union with oxygen, which 
is again given off in the state of gas, when the metal cools 
spontaneously, or is poured into cold water. ‘This property, 
it has been shown by Chevillot (Ann. de Chim. et de Phys. 
xiii, 299) belongs only to pure silver, and not to silver alloyed 
even with a very small proportion of copper. 

The oxide of silver may be obtained by decomposing nitrate 
of silver with solution of baryta; and, after washing the pre- 
cipitate sufficiently, heating it to dull redness. it has an olive 
colour, and is composed, according to Sir H. Davy, of 100 
parts of silver united with 7.3 oxygen, or, according to Dr. 
Wollaston’s scale, 7.4. A larger proportion of oxygen was 
formerly assigned by Berzelius ; but he has recently given the 
following statement :: 3 | , 


* Phil. Magazine, xlvi1. 205. 
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100. 107.3986* 
Taking the proportion of oxygen which combines with 100 
parts of silver at 7.3, the equivalent number for silver will be 
110. . No other Bates of silver has been actually ascertained 
to exist; though from the experiments of Mr. Faraday, there 
seems reason to believe that the pellicle, which forms sponta- 
neously on an ammoniacal solution of oxide of silver exposed 
to the air, is a protoxide of that metal, in which the oxygen 
is to the silver as 7.5 to 157.4.4 Dr. Thomson admits it to 
be a distinct oxide, and considers it as constituted of 3 atoms 
of silver = 330 + 2 atoms of oxygen = 16. It does not 
appear, however, to form distinct salts with acids. ers 
IL.’ Chloride of Szlver.—Silver combines with chlorine, 
under some circumstances, with the appearance of combustion. 
The result is a substance called chloride of silver, which may 
be obtained more easily by adding a solution of nitrate of 
silver to one of chloride of sodium (common salt) and edulco- 
rating and drying the precipitate. This precipitate, if exposed 
to the light, and especially to the sun’s direct rays, becomes 
darker in colour and finally black. When heated to dull 
redness in a silver crucible, it melts, and on cooling forms a 
mass which has the imperfect transparency of horn, and has 
hence been called luna cornea, or horn silver. It was formerly 
considered as a compound of oxide of silver with dry muriatic 
acid, and its composition was grated as s follows. One hundred 
grains contain, + 


Acid. Base. 
According to Dr. Marcet.... 19.05 .... 80.95 
—-———— Gay Lussac.... 19.28 .... 80.72 


ite Med tne he nee Berzelius...... 19.035 ..... 80.965 


Horn silver is now, however, regarded as a chloride of, that 
metal. To convert the old statement of its composition into 
the new, it is only necessary to calculate the oxygen contained 
in the oxide, to add it to the muriatic acid, and to consider 


* Ann. of Phil, xv. 93. © © > Journ, of Science, iv, 270. 
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the sum as chlorine. To determine experimentally the com- 
position of chloride of silver, 100 grains of the metal may be 
dissolved in nitric acid, and precipitated by a solution of 
common salt. The precipitate being caretully washed with 
water slightly acidulated with nitric acid, dried, and fused, 
the increase of weight on the silver shows the quantity of 
chlorine which has been gained. Different chemists have given 
different statements. Wenzel found that 100 of silver gave 
131.4 of chloride; Davy, 132.5; Bucholz, Rose, Marcet, and 
Gay Lussac, 133.3; and Berzelius, from several experiments, 
‘considers 132.75 as the true product.* Taking Sir H. Davy’s 
result, the composition of the chloride of silver is 


BUVEE.. . oss fe 75.5 eeeaee 100. @es#8e 807.69 
A GNOTINES 5% ore. SAGs so Deine LOUe 


100. 


And the equivalent number for silver, deducible from this 
analysis, is 110.7, from Berzelius’s 109.9. It will perhaps be 
very near the truth, if taken at 110, a number agreeing with 
that indicated by the composition of the oxide, and confirmed 
by experiments made with great care by Dr. Thomson on the 
synthesis of the chloride. 

Chloride of silver is insoluble in water, but is very soluble 
in liquid ammonia. The solution sometimes, when heated, 
affords fulminating silver, and should therefore be treated 
with caution. It furnishes crystals, which, by exposure to the 
air, are decomposed, the ammonia escaping, and chloride of 
silver remaining. Chloride of silver also dissolves in hypo- 
sulphurous acid. It is decomposed by a stream of hydrogen 
gas, and when moistened with water, by any materials capable 
of affording hydrogen, such as zinc filings and dilute sulphuric 
acid. Zinc and tin decompose it also in the dry way. 

If a little fused chloride of silver and a little zinc be heated 
together in a glass tube, a violent action takes place, chloride 
ri zinc is formed, and silver set at liberty, and the heat gene= 
rally rises high enough to fuse the silver. Zine alone, brought 
into contact with moist chloride of silver, decumposes it; bat 


.. ® Ann, of Phil, xv, 98; 
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hydrogen; ‘freed from: all’ impurities and. directed _ upon 
moistened chloride of silver in the dark, effects no change 
‘whatever. (Faraday, Journ. of Science, viii. 375.) 

Iodide of silver is formed when hydriodic acid is added to 
nitrate of silver. It is insoluble both in water and ammonia; 
has a greenish yellow colour; and is decomposed when heated 
with potassa. It consists of a single atom of each element. — 


~JIL. Salts of Silver. 
Chlorate of silver may be obtained by digesting oxide of 


silver with chloric acid. It forms small rhomboidal crystals. . 

 Iodate of silver is precipitated by iodic acid from the nitrate. 
It is.a white powder, insoluble in ypler, but very soluble in 
ammonia. 

Aypo-sulphite of silver may be formed by mixing hypo- 
sulphite of soda with dilute nitrate of silver, or by dissolving 
chloride of silver in any of the hypo-sulphites. Though formed 
of ingredients that have a metallic and pees Maer. taste, its 
Sieben is intensely sweet. . 

Sulphate of silver—Sulphuric acid acts on silver when 
heated, oxidizes and dissolves it; but the sulphate of silver, 
which is a very useful test, is better formed by precipitating 
nitrate of silver with carbonate of soda, edulcorating the pre- 
cipitate, and dissolving it in dilute sulphuric acid. It forms 
small brilliant needle-shaped crystals, which require about 
90 parts of water at 60° for solution, but dissolve more readily 
in hot water. It is anhydrous, and is constituted of | atom of 
acid and 1 atom of base. 

Nitrate of Silver.—Nitric acid, diluted with from two to 
four parts of water, dissolves silver with a disengagement of 
nitrous gas. If the silver be pure, the solution is colourless, 
otherwise it has a green hue. According to Proust, nitrate 
of silver already saturated, if boiled with powdered silver, 
dissolves an additional quantity; and a solution is obtained, in 
which the silver is oxidized at a minimum.* | 

Nitrate of silver forms by spontaneous evaporation large 
‘and regular crystals, which are flat rhombs, soluble in about 


® Nicholson’s Journal, xv,.376, 
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an equal weight of water, and in aa pe of: ai hi ‘tis 
anhydrous, and consists of 
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Nitrate of silver is decomposed by muriatic acid, the hy- 
drogen of that acid passing to the oxygen of the oxide, and 
the chlorine uniting with the silver. Chlorine, also, decom- 
poses nitrate of silver,* as do the solutions of chlorides and 
muriates in water. By this property, silver may be separated 
from several other metals. When standard silver, for instance, 
is dissolved in nitric acid, and a solution of common salt is 
added to the liquid, an insoluble chloride of silver falls down, 
and the copper remains in solution. From the chloride of 
silver, the pure metal may be obtained, by drying it and 
fusing it with twice its weight of potassa or soda. (See Ann. of 
Phil. xv. 389.) 

A solution of nitrate of silver stains animal substances a 
deep black. Hence it has been applied to the staining of 
human air; but, when thus employed, it should be very much 
diluted, and used with extreme caution, on account of its cor- 
rosive quality. | 

White paper, or white leather, when stained with a sien 
tion of nitrate of silver, in the proportion of ten parts of water 
to one of the salt, undergoes no change in the dark ;. but when 
exposed to the light of day, it gradually acquires colour, and 
passes through a succession of changes to black. The com- 
mon sun-beams, passing through red glass, have very little 
effect upon it; yellow and green are more efficacious; but 
blue and violet produce the most decidedly powerful effects. 
Hence this property furnishes a method of copying paintings 
on glass, and transferring them to leather or paper. ‘The 
process is described by Mr. T. Wedgwood, in Nicholson’s 
Journal, Svo. ili. 167. 

By a similar process, ivory may be covered with silver. 
Let a slip of ivory be immersed in a dilute solution of pure 


* Ann. of Phil, N.S. ii, 314, | 
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nitrate .of silver, ‘till the ivory has acquired a bright, yellow 
colour. Then remove it into a tumbler filled: with distilled 
water, and expose it to the direct light of the sun. After two 
or three hours’ exposure, it will have become black; but on 
rubbing it a little, the surface will be changed into a bright 
metallic one, resembling a slip of pure silver. As the solution 
penetrates deep into the ivory, the bright surface, when worn 
"away; is replaced by a succession of others. | 

'The solution of nitrate of silver, when evaporated, forms 
resular crystals. These crystals fuse when heated ; and being 
poured, in this state, into heated moulds, form the common 
lunar caustic. Fused nitrate of silver, according to Proust, is 
composed of bt 
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» This statement, however, cannot be correct, as it assigns 
too large a proportion of oxygen to the oxide, viz. 8.6 to 100 
grains of silver. 

Nitrate of silver is decomposed by other metals.. Thus the 
surface of a plate of copper, to which the solution is applied, 
becomes plated over with silver. The first part of the de- 
posit, Gay Lussac finds, is perfectly pure silver. The latter 
portions contain an admixture of copper, which may be 
removed by a fresh solution of nitrate of silver. If a little 
mercury be poured into a bottle filled with the solution of 
nitrate of silver, and the bottle be left some time undisturbed, 
the silver is precipitated in a beautiful form resembling the 
branches of a tree, which has been termed Arbor Diane. 
The most successful process for obtaining this appearance, 
Baumé assures us, is the following: Mix together six parts of 
a solution of silver in nitric acid, and four of a solution of 
mercury in the same acid, both completely saturated. Adda 
small quantity of distilled water; and put the mixture into a 
conical glass, containing six parts of an amalgam, made with 
seven parts of mercury and-one of silver. At the end of some 
hours, there appears on the surface of the amalgam a precipi-— 
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tate in the form of: a vegetation.. According to Proust, how- 
ever, this \¢omplicated process is-quite ‘unnecessary 3 and all 
that is required is to throw mercury into nitrate of silver very 
much diluted. A beautiful arborization of reduced silver, he 
observes, will be produced without difficulty. lait 

_ The solution of nitrate of silver is decomposed by charcoal, 
and by hydrogen gas and its compounds. This may be shown 
by experiments precisely similar to those already directed to 
be made with muriate of gold. A stick of clean phosphorus, 
also, immersed ‘in a dilute solution of nitrate of silver, in the 
course of a few days becomes beautifully gilt. 
» Muriatic acid does not act on metallic silver, except by long 
continued boiling, and then only in a small degree. But 
when two small slips of zinc and of silver are fastened toge- 
ther, and immersed in dilute muriatic acid, the silver, being 
rendered negative by the zinc, acquires a coating of chloride 
of silver. 

A very useful solvent of silver has been discovered by Mr. 
Keir of Birmingham. | It is formed by dissolving one part of 
nitre in about uit or ten parts by weight of concentrated 
sulphuric acid. Thiet compound (which may be called nztro- 
sulphuric acid) when ‘heated to between 100° and 200° Fabr., 
dissolves one fifth or one-sixth its weight of silver, with an 
extrication of nitrous gas; and leaves, untouched, any copper, 
gold, lead, or iron, with which the silver may be combined. 
Hence it is a most useful agent in extracting silver from old 
plated goods. The silver may be recovered from the solution 
by adding muriate of soda, which forms chloride of silver; 
and this may be decomposed by carbonate of soda, in the WAY 
which has already been described. 

Phosphate of silver is a compound of some importance, from 
its use in preparing chloric acid. To obtain it, crystals of 
‘nitrate of silver may be dissolved in pure water, and a solu- 
tion of phosphate of soda be added. The neutrality of the 
nitrate of silver is destroyed, and though the phosphate con- 
tains an excess of alkali, the spans liquor is acid. The 
precipitate is of a yellow colour.. When washed and dried, 
it is fusible at a red heat without any farther loss of weight. 
It consists, according to erage of | 
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i Phosphoric acid eeneeece l 7.025 ‘é eee 100. . r by 4 
i ; Oxide of silver @e ° peeee 82.975 eeee 487.38. { 


100. 


- Hydro-cyanic acid and hydro-cyanate of potassa decompose 
the solutions of silver, and precipitate a cyanide of that metal, 
from which cyanogen may be separated by heat. ‘The ferro- 
prassiates throw down a precipitate which is at first white, but 
by exposure to the light becomes blue. , 

~ Fulminating Silver.—-Precipitate nitrate of silver by lime» 
water, and dhorouabay edulcorate and dry the precipitate: 
Let this be afterward put into a vessel of the purest liquid 
ammonia, in which it may remain for ten or twelve hours. It 
will then assume the form of a black powder, from which the 
fluid is to be decanted, and the black substance left to dry in 
the air. This is the celebrated compound termed fulmiating 
silver, which detonates with the gentlest heat, and even with 
the slightest friction. It may be formed, also, by boiling any 
precipitated oxide of silver, for a few moments, in a mixed 
solution of potassa and ammonia. The protoxide, however, 
described by Mr. Faraday, does not afford it. When once 
prepared, no attempt must be made to enclose it in a bottle, 
and it must be left undisturbed in the vessel in which it was 
dried. Great caution is necessary in the preparation of this 
substance, for in making experiments on it, several fatal acci- 
dents have been produced by indiscretion in its use. It even 
explodes, when moist, on the gentlest friction.* © == * 
_ Another detonating compound of silver, formed by a pro- 
cess similar to that employed in making the fulminating 
mercury of Mr. Howard, has been deere by Descotils. ¢ 
It is prepared by adding alcohol to a heated solution of silver 
in nitric acid, while the solution is yet going on. Consider 
seve effervescence arises; the liquor presently becomes turbid ; 
and a heavy, white, crystalline powder fallsdown. This, when 
washed and dried, is the detonating silver. Heat, a slight blow, 
or long-continued friction, causes it to inflame with a brisk 
detonation. Pressure alone is not sufficient unless very power- 


-® See Count Rumford’s papers, Phil, Trans., 1798.05 > 
+ Nicholson’s Journal, xviii. 140. 


SECTORXXIV. > SILVER.: BE! 


ful... It detonates by the electric spark, and is set ‘on fire with 
an explosion by concentrated :sulphuric acid... Both in the 
preparation of this substance, and.in experiments on its deto- 
nation, much caution is necessary ; and only very small’ quan- 
tities should be employed. ‘This. preparation was originally 
discovered by Mr. E. Howard., In repeating his process, 
Mr. Cruickshank dissolved 40 grains, of silver.in two ounces 
of strong nitric acid, diluted wits an equal. weight of water. 
Then, lov heating the solution with two ounces oa alcohol, he 
obtained 60 grains of a white powder, which. detonated vio- | 
lently. Lichag: prepares it by dissolving a drachm, of refined 
silver in half an,ounce of nitric acid sp. gr. 1.52; 2 ounces of 
alcohol sp. gr..0.85, are then added, and “the whole is " gradu- 
ally raised to ebullition in a mattras. , White-crystalline floc- 
culi.soon appear, and it is then time. to discontinue the appli 
cation of heat. .,The ebullition, however, continues, and the 
precipitate increases in quantity.’ At this time it is important _ 
to prevent too rapid cooling, which diminishes the quantity of 
the product. .The proportions of acid and alcohol, also, which 
haye been: recommended, are found to answer better than any 
others. Fulminatitig silver, thus prepared, has the form of 
white silky crystals; it detonates by the smallest shock even 
under water, by an- increase of temperature, or the contact 
of sulphuric. acid; - it dissolves completely in 36 times its 
weight of boiling water, and separates again on cooling. 
Fulminating silver, it-has been shown by Liebeg, contains 
a peculiar acid, the fulminic, which is separated by all alkaline 
and earthy bases except ammonia, 31.25 per cent. of oxide of 
silver remaining. All these new compounds are crystallizable, 
and detonate strongly. A portion of silver seems to accom- 
pany the acid into these combinations, for copper precipitates 
silver from fulminate of potassa. Indeed a metallic base 
appears to be necessary to the permanent existence of this 
acid, whose elements, without such a base, or rather element, 
appear to be held together by a very feeble attraction... ‘This 
metallic ingredient differs with the source from which the ful- 
minating compound has been prepar ed, and it may be either 
silver, mercury, copper, zinc, or iron. > | eo 
By Secneeprina Pininasing silver with h peroxide of copper, 
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carbonic acid and nitrogen gases were obiained in the same 
proportions-as from the combustion of cyanogen. Of oxide 
of silver it appears to contain two portions, the one serving as 
an element of the acid, the other asa base. In 100 parts of 
the fulminating silver, 38 of oxide fulfil the former function} 
and 38 the latter. The different fulminates all contain a coms 
mon principle of fulmination independently of their’ bases; 
and this common ingredient consists of 1 atom of cyanogen 
and 1 atom of oxygen, forming cyanic acid, which, with a 
metallic element in addition, constitutes fulinic acid.’ The 
best way of transferring the fulminic acid from oxide of 
silver to potassa, is to act upon fulminating silver with chloride 
of potassium. Muriatic acid decomposes fulminating silver; 
and occasions the formation of a new acid, constituted of 
chlorine, carbon, and azote. Sulphureted hydrogen; also; 
passed through a solution of fulminate of silver, causes the pro- 
duction of a new acid, which has the property i ere 
the colour of perchloride of iron to a deep red.’ i 

IV. Sulphuret of Silver.—Silver is acted on by sthyhabers of 
alkalis, and by sulphureted hydrogen gas. Both’ these ‘sub- 
stances blacken silver when exposed to their operation } and 
the common tarnishing of silver by the atmosphere has‘ been 
traced to a similar cause. They precipitate silver, also, from 
all its solutions of a black colour. Sulphuret of silver may 
also be formed by exposing sulphur and silver, stratified in a 
covered crucible, to heat, till the excess of sulphur has been 
driven off. It has been analyzed by simone and found to 
‘consist of : | | 
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Alloys. alin is capable of being united. with most obi 
metals. When alloyed with copper, in the proportion of 0,90 
to 11.10, it constitutes the standard silver of this country. 
‘This combination, though its colour differs but little from that 
of pure silver, is much harder, and» better adapted for the © 
purpose of coin, and of domestic implements. | Silver of com- 
merce is composed of 37 parts of fine silver to 3 of copper; 
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but the fine silver, being obtained. by cupellation,.contains 
gold, which is left after solution by acids, either in the: fggm 
of purple protoxide, or black peroxide, 

The object of cupellation is to oxidize the beach peri taonipn 
may be mixed with silver; and to remove the. oxide when 
formed, leaving the silver pure. ‘Toassist this, a proportion, 
of some metal is added, which is not only readily oxidizable, 
but which affords a fusible oxide. Lead is generally employed 
for this purpose. A small shaliow crucible, called a cuped 
(which is best made of the internal slough of a bullock’s horn 
calcined to whiteness), is heated. to we Php under, a. muffle. 
Upon this a small button of pure lead is first placed;, and 
then the silver, laminated, accurately weighed, and wrapt in 
lead foil.. The metals melt together, ree an appearance 
called fulguration, or scintillation, ensues. The lead.is gra- 
dually. oxidized, and the oxide carries down the baser metals 
~ into the cupel, a button of pure silver being finally left,, The 
process requires a nice regulation of the ta and its success 
depends greatly on the skill and. experience of the operator, 
In .cooling the button, care also is necessary, as the. accuracy 
of the ual is apt to be destroyed by the haichinet of the, ihn 
metal from beneath the congealed crust. 
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To obtain gold in a state of purity, one part by weight of 
standard gold may be dissolved in three of nitro-muriatic acid 
(composed of one part by weight nitric, and two muriatic 
acids); and to expel the excess of acid, the solution may be 
evaporated to dryness, taking care to use a gentle heat at the 
last. The dry mass may be re-dissolved in water, and to the 
clear liquid, a solution of green sulphate of iron may be added, 
The gold will be precipitated in the state of a fine powder, 
which, after being washed first with diluted nitric acid, and 
then with distilled water, may be either preserved for solution 
in powder, or fused into a mass. | 
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The external qualities of gold are the following: © 90) 4) 

‘Tt has an orange or reddish yellow colour ; canal latiag? then 
made to assume a degree of lustre inferior — to that of steel, 
platirfum, silver, or mercury. : 

“Its specitic gravity varies a little according to the intelli 
processes which it has undergone; but it may be shea on 
the average, at 19.3. O@vie 

Tt exceeds all other metals in antilah and salle and 
may be beaten into leaves ;-3,,4th of an inch in thickness.: 

It is considerably tenacious; for a wire only =78ths of an 
inch diameter will sustain a weight of 150 |b. 

Gold may be melted by a moderate red-heat, viz. at about 
32° of Wedgwood’s pyrometer.. The intense heat ofa glass- 
house furnace has no other effect than to keep it in fusion. 
And even exposure to Mr. Parker’s powerful ‘burning lens, for 
several hours, occasioned no loss of weight.: After fosiois tif 
crystallizes in short quadrilateral psy baneside . 

Pure gold is:not oxydized by exposure to heat site the : 
access ar air; but it may be brought'to the state of a purple 
oxide by transmitting through gold leaf or wire, either a 
powerful electrical. or abhi discharge. ce 

Action of Solvents tBu platie; nitric, and mutiatic ‘idiies 
have separately no evident action on gold; but the last men- 
tioned acid, Proust has observed, by long boiling with finely — 
divided gold, dissolves a small portion. Neither does any 
acid of which oxygen is the acidifying principle, except con- 
centrated sulphuric and nitric acids, dissolve the oxides of 
gold, and even those acids do not form permanent compounds. 
Nitric acid dissolves it only when heated, and deposits it again 
in the state of a hydroxide on adding water. .Sulphuric acid, 
on the other hand, dissolves oxide of gold at common tem- | 
peratures, but decomposes the oxide when heated in contact 
with it. (Pelletier, Ann. de Ch. et de Phys. xv.) 

Chlorides.—The proper solvents of gold are chlorine and 
nitro muriatic acid. Oberkampf* prefers the former, because 
a purer solution is obtained, and one which can more easily 
be freed from an excess of acid. Gold leaf, introduced into. 
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chlorine gas; takes fire and burns. But if cold: leat’ ‘be sus= 
pended in water, into which chlorine gas is ; padi it is dis- 
solved, and the solution may be concentrated by evaporation. ’ 

To dissolve gold in nitro-muriatic acid, Vauquelin* re- 
verses the usual proportions, and mixes two parts by weight of 
muriatic acid with one of nitric. ‘Three parts of an aqua regia 
so composed, are equivalent, he finds, to four made with the 
common proportions. . : 

The:solution of gold (in whatever way prepared) has an 
orange yellow colour; but this, Oberkampf finds, is owing to 
an excess of acid, and it passes to a brownish red, as soon as 
the redundant acid is neutralized or expelled by heat. The 
solution should; ‘therefore, be evaporated to dryness, and the 
dry mass (care being taken not to heat it too strongly) re-dis- 
solved in water. Or, to avoid all risk of decomposition, the 
liquid’ may be removed from the fire, when sufficiently con=. 
centrated to become solid on cooling. ‘The solid obtained has 
a deep brownish red colour, is very fusible, and readily dis- 
solves in water, giving a reddish yellow solution. ‘The solu- 
tion, Pelletier believes to be a real chloride, and not a muriate, 
though occasionally it contains a little free: muriatic acid. If, 
instead of removing the mass from the fire, it be heated still 
longer, chlorine is disengaged, and a lemon yellow compound 
is left, which is a sub-chloride. . By strongly urging the heat, 
the whole chlorine is expelled, and metallic gold only remains. 

Concentrated sulphuric acid, poured into the solution of 
chloride of gold, throws down an anhydrous chloride. If heat 
be applied, chlorine is disengaged, and a yellow sub-chloride 
falls ;: or, if the heat be continued, metallic gold is separated. 
Arsenic and phosphoric acids produce the same effects. 

ween to Pelletier, there are two chlorides of gold. 


, Metal. Chlorine. 
The Jpratbtcnioriae, or sub-chloride = 100 + 14.715 
The per-chloride (soluble) = 100 + 44.145 


It is in the state of per-chloride that gold exists when dis- 
solved by agua regia. 
~ The bai wed toon of gold, on reste water to it, is converted 
into one-third metallic gold, and two-thir ds chloride. Acids, 
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containing no water, do not produce any change on the sub- 
chloride; but dilute acids convert it into metallic gold and 
chloride of gold, the latter remaining in solution.: Henee, by 
acting with acids on gold treated with aqua regia, we cannot 
‘ohtain salts with iat of oxide of gold, for that onde being 
a true chloride, contains no oxygen. Tor the same reason, 
sulphate or phosphate of soda, added to the solution, do not 
form sulphate or phosphate of gold. When sulphate or nitrate 
of silver is added to the chloride of gcld, the whole of the 
sulphuric or nitric acid remains in the liquor, and a brownish 
yellow precipitate is formed, which is a mixture of chloride of 
silver and oxide of gold. The latter is taken up by muriatie 
acid. ‘This precipitate, if dried and heated in a retort, yields 
oxygen gas by the decomposition of the oxide of gold. 

When pure. potassa, not in excess, is added to liquid chlo- 
ride of gold at common temperatures, no. immediate precipi- 
tation ensues. After some time, however, or immediately if 
heat be applied, a very light bulky reddish yellow precipitate 
appears, containing only five-sixths of the gold present in the 
chloride. An excess of alkali re-dissolyes much of this pre- 
cipitate; which is a hydrated oxide of gold with a little chlo- 
ride. But if, instead of adding more alkali, the precipitate be 
well washed with water, and dried, it shrinks greatly in bulk, 
and a black powder remains, which is not entirely soluble in 
muriatic acid. 

If a considerable excess of potassa be mixed with the chlo- 
ride of gold, the supernatant liquid acquires a light greenish 
yellalis and a blackish sediment is formed, in which not more 
than =,th of the gold is found that was held in solution. The 
emia nuaaeies ie united with oxygen, have combined with the 
potassa, which acts the part of a base, while the oxide of gold 
serves as a salifying principle. To this compound, Pelletier 
gives the name of aurale of potassa. Oxide of gold appears, 
therefore, adapted to unite with bases, rather than itself to 
form a base for combination with acids, with most of which it 
refuses to unite. | 

The precipitation of gold by a due quantity of potassa 
seems to be the effect of a double affinity, the chlorine passing 
to the potassium, and the oxygen of the potassa to the gold. 
Some chloride of gold remains undecomposed. When excess 
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of potassa is. used, the product is a mixture of chloride of 
paieaciam and aurate of potassa. 

» Baryta produces similar effects on chloride of gold, but 
seems to have a stronger affinity for the oxide. 

When chlorides of potassium, sodium, or barium, are boiléd 
with oxide of gold, the resulting liquid contains a mixture of 
aurate of alkali, and. chloride of gold.::The triple chloride 
of gold and sodium may also be prepared by dissolving 300 
grains of gold in nitro-muriatic acid, adding 90 grains of dry 
common salt, and evaporating the solution, The triple salt 
erystallizes in long donate prisms of a beautiful orange 
colour, which are not altered by exposure to the air. ran 
Dr. Thomson’s analysis they appear to consist of 


CaCI). ava ke bitte Cele s shawe oud aed aeue 
Chloride of sodium,.......esee008 G0 
OWIOMNGl us Widd Candee ecare utean ae 
Wa ee ce rere 

4.04 

or of 
-~ Bi-chloride of gold .....0.0+000+0 272 
Chloride of sodium.....eceeeeses 60 
Water (8 atoms) sesecescsvcssees 72 


404 
It is doubtful, however, whether the gold and sodium exist 
in this salt in a metallic or in an oxidized state. The pre-~ 
sence of water of crystallization is in favour of the latter sup- 
position, and in that case the salt will consist of 


2 atoms of muriatic acid (37 x 2).... 74 
l-atom of oxide of gold ..4..ege05 04 G16 - 
1 atom of muriate of soda ........+. 69 
Fatonsiol waters awceesadae aaveeie ds 


ey 


4.04 


Iodide of gold may be obtained by acting on oxide of gold 
with hydriodic acid, or by mixing chloride of gold with hy- 
driodate of potassa, and washing and drying the precipitate, — 
It is insoluble in cold water, and very sparingly soluble in hot, 

L@ 
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It is decomposed by heated nitric or sulphuric’acids, which 
reduce the gold and set iodine at liberty. Liquid alkalis de- 
compose it instantly, and it is decomposed by a temperature 
of 260° Fahr. It is constituted, according to Pelletier, of 


a 34 eeeeeeess @ 100. 
2 Gold @eeee688 66 @eeeeveoeeeseg¢e 194.1176 
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Oxides of Gold.—The best process for obtaining owide of 
gold, according to Pelletier, is to precipitate chloride of gold 
by magnesia. Muriate of magnesia is formed, which may be 
removed by washing, and the excess of magnesia may be dis- 
solved by diluted-nitric acid. In this case, the magnesia is 
doubtless first converted into a chloride, and parts with its 
oxygen to the gold. ‘The oxide must be dried at a very low 
heat. 

There is considerable disagreement as to the composition of 
the oxides of gold. Oberkampf deduces, as a mean of three 
experiments, that 100 parts of gold unite with 10.01 oxygen; 
Berzelius makes the proportion of the latter 12.07; and 
Pelletier, from the composition of the iodide, deduces it to be 
10.03. This is assigned as the composition of the peroxide; 
but besides this, he supposes that there is a protoxide con-_ 
taining only one-third of the oxygen which exists in the per- 
oxide. ‘Their composition may, therefore, be stated, accord- 
ing to Pelletier, as follows: 


: Metal. Oxygen. 
Protoxide.....-e+eee++- 100 + 3.3495 
Peroxide ......+..2++++. 100 + 10.03 


Fulminating’ Geld —A solution of- pure ammonia separates 
from the solution of gold in nitro-muriatic acid an oxide of 
gold, and a portion of ammonia, uniting with the oxide, forms 
a compound which detonates very loudly in a gentle heat, and 
is termed fulminating gold. 

To obtain this beens aneay add a solution of ammonia in 
water, or the pure liquid’ ammonia, to diluted muriate of 
gold; a precipitate will appear, which will be re-dissolved if 
too much alkali be used. Let the liquor be filtered, and 
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wash the sediment, which remains on the filter, with several 
portions of warm water. . Dry it by exposure to the air, with- 
out any artificial heat, and preserve it in a bottle, closed, not 
with a glass stopper, but merely by a cork. A small portion 
of this powder, less than a grain in weight, being placed on 
the point of a knife, and held over a lamp, detonates violently. 
The precise temperature which is required is not known, but 
it appears to exceed 250° Fahrenheit. At the moment of explo- 
sion, a transient flash is observed. ‘The principal force is 
exerted downwards; and hence two or three grains, exploded 
on a pretty strong sheet of copper, will force a hole through 
it. Neither electricity, nor a spark from the flint and steel, 
are sufficient to occasion its detonation; but the slightest 
friction explodes it, and serious accidents have happened from 
this cause. 

This detonation is explained as follows: Fulminating gold 
is an oxide of that metal, combined with ammonia. When 
its temperature is raised, the ammonia is decomposed; the 
hydrogen of the alkali unites with the oxygen of the oxide, 
and reduces the gold to a metallic state; and nitrogen gas, 
and probably aqueous vapour, are liberated in a_ highly 
expanded state. ‘The violent impulse of these aeriform pro- 
ducts, on the surrounding atmosphere, appears to be the cause 
of the loud noise that is occasioned by the expiosion of this 
compound. A similar explanation may be applied to other 
fulminating compounds of metallic oxides with ammonia; 
such as vases of silver and mercury. 

Revival of Gold from its Solutions —The solution of obits 
ride of gold is decomposed by certain combustible bodies, 
which appear to act by furnishing hydrogen to the chlorine, 
and reduce the gold to a metallic form, as in the following 
examples : 

(a) Into a dilute solution of chloride of gold, vacated in 


a glass jar, put. a long narrow slip of charcoal, and expose ~ 


the whole to the direct light of the sun. The gold will be 
revived, and will appear on the charcoal in a metallic state, 
exhibiting a very beautiful appearance. ‘The same change 
ensues without light, if the solution be exposed to a tempera- 
ture, of .212°...,,, | 

.-(4) Moisten a piece.of white taffeta riband, with the dilute 
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solution of gold, and expose it to a current of hydrogen gas 
from iron filings, and dilute sulphuric acid. ‘The gold will 
be reduced, and the riband will be gilt with the metal. By 
means of a camel’s hair pencil, the gold may be so ile 
as to exhibit recular figures, when redticadl 

(¢) The same experiment may be repeated, substituting 
phosphureted hydrogen for common hydrogén gas. The 
reader, who wishes for a detail of various experinents of a 
similar kind, may consult an Essay on Combustion, by Mrs. 
Fulhame, published by Johnson, London, 1794; and also 
Cound Rumford’s paper, in the Philosophical Transactions, 
1798, page 449, 

(d) Several of the vegetable acids, but particularly the 
oxalic, decompose chloride of gold at common temperatures, 
especially if exposed to the sun’s rays. ‘The bin-oxalate of 
potassa is still more efficient ; an effervescence arises from the 
@scape of carbonic acid; and in about an hour, all the gold is 
revived.(Van Mons.) ‘Tartaric acid does not produce the 
samé effect, but bi-tartrate of potassa occasions a decomposi- 
tion, though less rapid. Acetic acid may be mingled with 
chloride of gold without producing any change. 

(e) Gold is precipitated from its solution in a metallic formy 
by a solution of green sulphate of iron. ‘This depénds on the 
affinity of the pr stoxide of iron for a farther a ane of oxys en 
which it takes from the oxide of gold. : 

(f) When a sheet of pure tin is immersed in a’ solution of 
nitro-muriate of gold, the oxide of gold is precipitated of a 
purple colour; and, when scraped off and collected, forms 
the purple powder of Cassius, much employed in enamelling. 
Or the metalic salt, largely diluted with water, may be put 
into a glass vessel with a few pieces of graintin. In a short 
time, the liquor will become of the colour of red wine, and a 
very light flocculent precipitate will begin to appear, leaving 
the liquor clear. This, when well ‘washed and dried, has 4 
deep purple colour, and is the precipitate of Cassius, Fhe 
same precipitate is obtained’ by mixing a solution of gold with 
a recently made solution of tin in muriatic acid. 

The composition and colour of the precipitates of: gold; 
thrown down by muriate of tin at the 0 have been 
isa by Oberkampf, to be very variablé.! ‘Thé colour ap- 
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proaches more toa violet, as the salt of tin bears a larger pro 
portion to that of gold; and the colour, communicated by the 
precipitate to porcelain, has the same variable character. 
When the muriate of gold is in excess, the precipitate has 
more of a rose colour: A violet compound was proved on 
atialysis to contain 60 per cent. of oxide of tin, and 40 of 
metallic gold ; and one of a fine purple consisted of 204 oxide 
of tin and 79}. gold. 

(@) Gold is precipitated from its solvent by ether, but the 
oxide of gold is instantly re-dissolved by the ether, and forms 
the ethereal solution of gold. This solution is advantageously 
applied to the gilding of steel scissars, lancets, and other 
instruments, which it protects from rust with a very small 
expenditure of gold. 

Sulphuret of Gold. — When a current of sulphureted etlend 
gen gas is passed though a solution of gold, a black precipi- 
tate falls down. ‘This is a true sulphuret of gold, which gives 
up its sulphur on the application of heat. It is composed 
of 

Gold: .6.. 866% 80.89 86 6a. 60100, 
Sulphur ...... 19.61 .svevs 24.39 


100. 124.39 


The sulphuret, thus prepared, is more uniform in its com- 
position, than that which is precipitated by alkaline hydro- 
sulphurets; for these contain a variable proportion of sulphur, 
which is thrown down along with the gold. 

The sulphuret of gold is soluble in hydro-sulphuret of 
potassa. Liquid potassa takes up a part, and leaves a yellow 
powder, which is metallic gold. The alkaline hydro-sulphu- 
rets do not dissolve gold, however minutely divided, till sul- 
phur is added, when probeuly a sulphuret of gold is formed, 
on which the hydro-sulphuret is capable of acting. 

Phosphuret—Gold may be combined with ‘phosphienas 
éither by precipitating its solution with sulphureted hydrogen, 
or, as Mr. E. Davy discovered, by heating finely divided gold 
with phosphorus in a tube deprived of air. It has a grey colour, 
and a metallic lustre; is decomposed by the heat of a spirit 
lamp; and contains about 14 per cent. of phosphorus. 

Equivalent Number for Gold.—There is still some room for 
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hesitation, in fixing upon a number to represent the weight 
of the atom of gold; on account of the uncertainty respecting 
the smallest proportions of oxygen, chlorine, &c. with which 
that metal is capable of forming a chemical compound. If the 
only oxide of gold be that which contains, according to 
Oberkampf, 10.01, and to Berzelius, 12.07 oxygen, on 100: 
of the metal; the atom of gold will be represented either by 
80, or by 70, as we take the experimental result of the former 
or the latter chemist. But if, with Berzelius, we consider this 
as the éritowide, and view the sulphuret also as a érito-sulphuret, 
the atomic weight of gold will be. 198.88, which very nearly 
agrees with 200, the number derived by Dr. Thomson as the 
representative of gold, from the composition of the triple salt 
already described. The constitution of the protoxide, as stated. 
by Pelletier, would raise the representative number to 240 ; 
that of the iodide to 242; and of the proto-chloride to 2445 
but the existence of an oxide and a chloride, with so small a 
relative proportion of oxygen and of chlorine, has not yet, been 
sufficiently established. 

The whole subject appears, however, to require farther 
investigation, before an equivalent number, entitled to our 
full confidence, can be assigned to this metal. 

The methods of purifying gold, by the operations of init 
ling and quartation, would lead into too long details... They 
are very perspicuously described by La Granoop in the 44th 
chapter of his Manual; and in Aikin’s Chemical Dictionary, 
article Gold. To the latter work ; to Lewis’s Philosophical 
Commerce of the Arts; and to Mr. Hatchett’s paper, in the 
Philosophical Transactions for, 1803, I refer also for, much 
valuable information respecting the alloys of gold with other 
metals. It may be proper, however, to observe that gold, 
which is too soft, in its pure state, for many purposes, ines its 
hardness greatly increased by being melted or alloyed with a 
small proportion of copper. It is a singular fact, that some 
kinds of copper, which do not themselves appear defective in 
any respect, totally destroy the ductility of gold.. This appears 
to be owing to the contamination of the copper with a very 
small quantity of lead and antimony, of either of which metals 
only about + y5th in, weight is sufficient to produce this 
injurious effect, Htsbra Aeris % sit cia hash 
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'-The degree. of purity of gold is expressed by the number of . 
parts of that metal, contained,in 24 parts of; any mixture. 
Thus, gold, which, in 24, such. parts (termed carais), contains 
22 of the pure metal, is said.to be 22 carats fine. Absolutely 
pure gold, using the same language, is 24 carats fine;, and 
gold alloyed with an equal weight of another metal, 12 carats 
fine. 


SECTION XXXVL 
Platinum. 


PLATINUM, in the state in which it reaches this country, is 
contaminated by the presence of eight or ten other substances ; 
and, in fact, is merely an ore of platinum. It had. been dis- 
covered in no other places than Choco and Santa Fé, in South 
America, until a few years ago, when Vauquelin detected it in 

some grey silver ores from Kstremadura; and, more lately; 
it has been brought from St. Domingo, and from the gold 
mines of Brazil. ‘The general aspect of the ore of platinum is 
that of small grains or scales, of a whiter colour than iron, and 
extemely heavy. Various processes have been contrived for 
its purification ;* but the one, which is the most simple and 
practicable, appears to me to be that of .Count Moussin » 
Poushkin, communicated by Mr. Hatchett in the ninth volume 
of Nicholson’s Journal.}. Itis unnecessary, however, to detail 
these processes ; as the metal may now be had, in a pure ii 
at a reasonable price. 

Platinum has the following properties: 

1. It is a white metal, resembling silver in colour, but 
greatly exceeding it, and indeed .all other metals, in specific 
gravity, which may be stated at 22 or 23; according to Sir 

H. Davy, at 21.3; and, according’ to Marquis Ridolfi, ‘at 
22.63. It may be drawn into wire about the 2000th part of 
‘an inch in diameter, and beat into very thin plates.” 


* See Aikin’s Dictionary, article Platinum. . 

+ A process for purifying platinum, by the intermediation of zinc, is 
described by Descotils in the 64th volume of the Annales de Chimie; page 
334, or 37 Phil. Mag. 65 ; and another by the Marquis of Ridolfi, in Journal 
of Science, &c. i. 259, See also Baruel, Quarterly Journal, xii, 247, — 
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2. It is extremely difficult of fusion. It may be melted, 
“pF eg by the. blow-pipe; ‘with the aid of oxygen gas; A 
globule, weighing 29 grains, boiled violently in the focus of a 
lens about thre! Heat in diameter ;* and Dr. Clarke, by means 
of the blow-pipe with compressed oxygen and hydrogen gases, 
has kejit more than 200 grains of platinum ina niueee? state 
for some time.t 

$. Platinum has been discovered by Dr. Wollaston to be 
a remarkably slow conductor of caloric. When equal pieces 
_ of silver, copper, and platinum, were covered with wax, and 
heated at one end, the wax was melted 31 inches on the silver ; 
21. on the copper; and 1 inch only on the platinum. Its 
expansion by heat is considerably less than that of steel ; which, 
between the temperatures of 32° and 212°, is expanded about 
12 parts in 10,000, while the expansion of platinum is only 
about 10. From trials made by Mr. Scott of Dublin, it 
appears to possess sufficient elasticity to be applicable to the 
making of pendulum springs for watches.t 

4, In common with iron, platinum has the property of weld- 
ing, which is peculiar to those two metals. It may, also, be 
united by welding, with iron and steel. 

It is not oxidized by the long-continued and concurrent 
action of heat and air. To obtain its oxides, we must have 
recourse to a circuitous process. 

Berzelius|| describes two oxides of platinum. ‘The pro- 
toxide is precipitated from the chloride by an excess pened 
potassa. 

Its colour is black, and it consists of 


Platinium’ oP 0"92.86' Fe"... FOU. 
ORVR ee TOD sees Oar 


Ss Caer, 


100. 108.287 


The peroxide, according to the same chemist, has been 
obtained only in combination. It is composed of 


* 69 Ann. de Chimie, 93. + Thomson’s Annals, xiv. 230. 

t Nicholson’s Journal, xxii. 148. 

§ Two pieces of wrought iron, raised to a white heat, become covered 
with akind of varnish; and, when brought mto contact, may be permas 
nently united by forging, This is called the ih of iron. 

|| 87 Ann. de Chim. p. 126, . 
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Platinum :....'85.93 .... 100. ik 28> 
Oxygeti wies 1407 6.66 16:98.) cabo 


100. 116.38 


Mr. Cooper obtained, what he considers as the pros 
toxide of platinum, by pouring a perfectly neutral protonitrate 
of mercury into a dilute solution of chloride of platinum) in 
hot water. The precipitate, a mixture of calomel and pros 
toxide of platinum, after ,being carefully washed and dried, 
was exposed to a heat barely sufficient to expel the calomel ; 
after which there remained an intensely black powder. By 
distillation Mr. Cooper ascertained that this powder is coms 
posed of 100 parts of platinum. + 4.517 oxygen.* It has been 
objected, however, both by M. Berzelius and Mr. E. Davy; 
that the temperature required to sublime calomel is sufficient 
to deprive oxide of platinum of part of its oxygen; and, there 
fore, that the true composition of the protoxide cannot be 
determined by Mr. Cooper’s method. 

We have the testimony, also, of Vauquelin, that the oxide 
of platinum, obtained from the chloride by means of soda, is 
constituted of 100 metal + 15 or 16 oxygen. (Ann. de Ch. et 
de Phys. v.) Another oxide has been described by Mr. E. Davy, 
which appears to be intermediate between the peroxide, as stated 
by Berzelius and Vauquelin, and the protoxide of the former 
chemist. It was formed by boiling together strong nitric acid, 
and fulminating platinum, drying the product, and heating it 
just below redness; then washing with water, and, finally, with 
a little potassa. Its colour was dark iron grey; it was not 
affected by water, either hot or cold; nor by nitrous, sul- 
phuric, or phosphoric acid; it was insoluble by nitro-muriatic 
acid, and by muriatic acid, unless when heated. It was shown, 
by analysis, to contain 

Pistidtin SOR. 8.366 Pa 100 
Oxyoen OP Ae TOGoe er ARS 


d 


100. 


The oxygen; therefore, in the three oxides, appears to be 
nearly in the PROposwORKi of By 12, and slit to 100 of the mia 


© Jonrdal of Scieh’, &e, vil Hie on eh nA 4 
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or of 1, 2, and 8.\' If the first of Berzelius’s oxides be the 
protoxide, the equivalent number deducible for platinum will 
be 96.5; and Dr. Thomson, from other considerations, is 
induced to fix itat 96. But the subject requires more accu- 
rate investigation, before we can assign, with any confidence, 
the equivalent number of this metal. , 

Chloride.—Platinum is not acted on by any other solvents 
than the nitro-muriatic acid, and chlorine.* The former is 
best adapted to effect this solution. Sixteen parts of the com- 
pound acid are tobe poured on one of the pure laminated 
metal, and exposed to heat in a glass vessel; nitrous gas is dis- 
engaged, and a reddish coloured solution is obtained, which 
gives a brown stain to the skin. When this solution is eva- 
porated, and heated to whiteness, chlorine gas is evolved, 
and may be collected in a proper apparatus. The dry com- 
pound, investigated by Mr. E. Davy, gave 18.5 per cent. of 
chlorine; but this is considered by him only as an approxi- 
mation. From the experiments of Vauquelin, it seems pro- 
bable that, beside the chloride, there are also two sub-chlorides ~ 
of platinum.t But the precise nature of these compounds i is 
unknown. 

The chloride of platinum may be cr elie by pens 
evaporation. ‘The salt has a very acrid taste, and is deliques- 
cent. It is decomposed by ‘heat, chlorine gas is evolved, and’ 
an oxide of platinum sett which is reduced to a metallic 
form by ignition. 

| The chloride of platinum has the property of being precipi- 
inde by a solution of muriate of ammonia. By, this character, 
platinum is distinguished from most other metals, and may be 
separated when mingled with them in solution. ‘The precipi- 
tate, thus obtained, is decomposed by a strong heat, and leaves 
pure platinum in a light spongy form, in which state it is well 
adapted to act upon mixtures of oxygen with hydrogen and 
other gases., (See vol. i. p. 237.) The process, however, if 
pure platinum be Bf should be twice repeated, for the 


* Mr. P. Johnson has shown that platinum, by being alloyed with silver 
and gold, is rendered soluble in nitric acid; (40 Phil. Mag. 1.) and Mr. 
Cooper has established the same fact respecting the alloy of platinum with 
zinc and copper. (3 Journ. of Science, p. 119.) - 

+ An, de Chim, et de Phys. v. 274. 
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precipitate first’ formed contains:a small proportion of any 
other metal that’may happen to be present. It: consists, 
according to Dr. Thomson, of 

2 atoms of chlorine... 72 . 

1 atom of platinum . vs AER 

1 atom of sal-ammoniac .. 54 


222 


Chloride of platmum is not. precipitated by ferro-prussiate 
of potassa, nor by sulphate of iron. If any precipitate ensue, 
it is owing to contamination with other metals. 

It is precipitated of a dark green colour by the gallic acid 
as present in tincture of galls. The precipitate becomes gra- 
eet paler by standing.* | 

When pure potassa is poured into the solution of platinum, 
a precipitate ensues, which is not an oxide of platinum, but a 
triple compound of that oxide with the alkali and acid, or 
potassa-muriate ; or rather, according to Dr. Thomson, a com- 
pound of 1 atom of bichloride of platinum, and 1 atom of 
chloride of potassium. With soda-also, it forms a triple com- 
bination, or soda-muriate. This is best obtained, by adding 
to nitric acid, in a retort, platinum, with twice its weight of 
muriate of soda, and applying heat till about four-fifths of the 
fluid have come over. ‘The remaining liquor forms, on cool- 
ing, fine prismatic crystals, sometimes four or five inches long; 
and either reddish-brown, like titanium; yellow, like amber ; 
or of a beautiful coquelicot colour. ‘This salt, Dr. Thomson 
observes, may be considered either as a compound of 


1 atom bichloride of platinum .......... 168 
l'atom chloride of sodium ............. 60 
S atoms of Water Oy yr One ae oe 


or of 1 atom bi-permuriate of platinum ....... 186 
1 atom of muriate of soda ............- 69 
5 atoms of water ....ecseerseeeseeeves 45 


* La Grange, ii. 272. + Nicholson’s Journal, 8vo. ix. 67. 
4 
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«Chloride of platinum is decomposed »by ether, and an) 
- etherized solution of platinum is obtained ;: which may be ap- 
plied to the same uses as the similar solution of gold, . 

Sulphuret.—The chloride of platinum is decomposed, also, 
by sulphureted hydrogen,* and a black powder is obtained, 
which becomes reddish-brown with an excess of the precipi- 
tant, but re-assumes its black colour, on exposure to the air. 
Its composition cannot be investigated easily, for the sulphur 
passes so rapidly to the'state of sulphuric acid, as, during the 
desiccation of the powder, to destroy the paper on which it was) 
collected. Vauquelin asserts that it is not a simple sulphuret, 
but a hydro-sulphureted oxide of platinum. 

The most delicate test of the presence of platinum is muriate 

of tin. A solution of platinum, sediiuteas to be scarcely dis- 
tinguishable from water, assumes a bright red colour, on the 
addition of a single drop of the recent solution of tin. | Pro-: 
fessor Silliman recommends hydriodic acid as the best test for 
platinum. ‘When dropped into a weak solution of that metal, 
it almost instantly produces a deep wine-red colour, or reddish 
brown, which ‘on standing becomes very intense. No other: 
metallic solution gave similar results with that acid. 

The direct combination of platinum and sulphur was found 
by Mr. E. Davy to give an infusible black powder, containing 
about 16 parts of sulphur to 100 metal; + and dividing the 
former number by 2, we obtain 8 for the quantity of oxygen 
_in the protoxide, which confirms the result of Berzelius’s ex- 
periment on that oxide. Vauquelin formed the sulphuret by 
heating 10 parts of the triple muriate of ammonia and platinum: 
with 20 parts of sulphur, or by a similar treatment of one part 
of finely divided platinum, with two of sulphur, He agrees 
with Mr. Davy as to the proportions of its elements. 

From the sulphuret, the sulphate of platinum is best pre- 
pared by the action of nitric acid. It is soluble in water, in 
alcohol, and ether; and the first mentioned solution, Mr. 
Davy finds to be the best test yet tried for discovering ge- 
latine. 

The action of alcohol on sulphate of platinum occasions the 


* Berzelius, + An. de Chim. et Phys. v. 263. 
{ See his Memoir on some of the Combinations of Platinum, Phil, Mag. vol. xl. 
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formation of a substance, which is possessed of very singular 
properties.* Equal volumes of a strong aqueous solution of 
this sulphate and of alcohol, heated together, deposit a black 
powder, which, after being well edulcorated, and dried at a 
very gentle heat, exhibits the following properties: 

It is black and in small lumps, which are soft to the touch, 
and easily reduced to an impalpable powder. ‘This powder 
is tasteless, and insoluble in water either hot or cold. When 
gently heated on a slip of platinum, a feeble explosion takes 
place, accompanied with a hissing noise, and a flash of red 
light, and the platinum is reduced. Brought into contact 
with ammoniacal gas, it becomes red hot, and scintillates. It 
is instantly decomposed by alcohol, as is shown in a very 
striking manner by moistening paper, sand, cork, or sponge, 
with that fluid, and placing the smallest particle of the pow- 
der on them. It hisses, and becomes red-hot; and Mr. E. 
Davy, to whom we owe its discovery, proposes it as an ex- 
cellent means of kindling a match. It appears to consist of 
964 per cent. platinum, with nitrous acid, a little oxygen, and 
a very minute proportion of carbon. ‘The nitrous acid is ac- 
counted for, by the peculiar way in which the fies had 
been formed. 

Phosphuret. — Phosphorus and listing may be ais 
either by passing phosphureted hydrogen into a solution of 
the metal; or, according to Mr. EK. Davy, they combine di- 
rectly in exhausted tubes with vivid ignition. The result is a _ 
bluish grey powder, infusible, and containing 17 per cent. ue 
phosphorus. 

Platinum is acted upon by fusion with nitrate of ga bebe on 
with nitrate of soda, and also with pure fixed alkalis, with 
which its oxide seems to unite as a base, forming what has 
been called a platinate. The latter property limits consider- 
ably the utility of platinum as a material for crucibles. 

_ Fulminating Platinum.—A fulminating compound of pla- 
tinum, analogous in its composition and properties to aurum 
fulminans, has been prepared by Mr. E. Davy, by precipi- 
tating a solution of sulphate of platinum with a slight excess 
of pure ammonia.| The precipitate, thus od: tates was 
washed, and dried sufficiently to separate it from the filter. 


* Phil. Trans, 1820, — Phil, Trans, 4817. ° 
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It was then put into a Florence flask witha solution, of pure 
potassa, and the fluid boiled nearly to dryness. .A quantity 
of water was then added, and the solid matter, after being. well 
washed, was dried for several days at the temperature of 212° 
Fahrenheit. 

_ The powder thus prepared has different shades of clan. 
from a light brown to a dark chocolate, and even almost 
black. One grain, laid on a thin sheet of copper, and heated 
to 400° or 420° Fahrenheit, produces a repert louder than 
that of a pistol, and the copper is deeply indented. Like ful- 
minating gold, it is incapable of being exploded by percussion. 
It appears to be a triple compound of oxide of platinum, 
ammonia, and water. 

Alloys of Platinum. —Platinum is capable of entering bat 
combination with other metals, and of forming alloys, whieh 
are not, in general, characterized by useful properties. . Its 
affinity for lead is strikingly shown by the following experi: ; 
ment. If a piece of lead foil, and another of = mi foil, 
of equal dimensions, be rolled up together, and the flame of 
a candle be cautiously directed by a blow-pipe towards the 
edges of the roll, at about a red heat, the two metals will com- 
bine with a sort of explosive force, scattering their melted par- 
ticles, and emitting light and heat in.a surprising manner. 
(Ann, of Phil. vty 230.) A small bit of tin, zinc, or. anti- 
mony, rolled in platina, leaf, and treated in like manner, 
exhibits similar appearances. 

With potassium and sodium, platinum < affords brittle com- 
pounds. In the proportion of 1-16th, it renders. gold pale; 
it readily amalgamates with mercury, and diminishes the 
fusibility of the fusible metals. . 

The compound of platinum with steel has already bike 
described in the 16th section of this chapter. 


SECTION XXXVII. 
Rhodium and Palladium. 


For the discovery of these two metals we are indebted to 
Dr. Wollaston, who separated them fr om the ore of platinum, 
by the following Paes , 
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I. Ruoprum. When a solution of the ore of platinum in 
nitro-muriatic acid has been precipitated, as far as’ possible, 
by muriate of ammonia (see sect. 36) it still retains a consi- 
derable degree of colour, varying with the strength and pro- 
portion of the acids that have been employed in effecting the 
solution. Beside iron, and a portion of the ammonia-muriate 
of platinum, it contains, also, other metals in very small pro- 
portion. 

1. Let-a cylinder, or thin plate of zinc, or iron, be im- 
mersed in the solution. It will separate all the metals that 
are present, in the state of a black powder. Wash the pre- 
cipitate (without drying it) with-very dilute nitric acid, as- 
sisted by a gentle heat, which will dissolve the copper and 
lead. Digest the remainder in dilute nitro-muriatic acid ; 
and to the solution, when completed, add a portion of muriate 
of soda, equivalent in weight to about one fiftieth the ore of 
platinum employed. Evaporate by a gentle heat. The dry 
mass contains the soda-muriates of. platinum, palladium, and 
rhodium ; the two former of which may be separated by al- 
cohol, and the salt of rhodium will-remain dissolved. From 
this solution the rhodium may be precipitated by zinc, which 
throws down a black powder, amounting, in weight, to one 
grain from 100‘ of the ore. The soda muriate of rhodium 
forms rhomboidal crystals of an intensely deep red colour. 
From their solution a yellow oxide is precipitated by ammonia, 
which, when exposed to heat, continues black; with borax it 
acquires a white metallic lustre, but appears infusible by any 
degree of heat. It is rendered fusible by arsenic, and also 
by sulphur; both of which may be expelled by a continued 
heat; but the metallic button, thus obtained, is not malleable. 

3. The specific gravity of rhodium, as near as it could be 
taken, was 11. | 

4. By a very intense heat, produced in a wind furnace, 
Messrs. Stodart and F cared) have lately succeeded in effect- 
ing its fusion. 

5. Rhodium unites readily with all the metals that have 
been tried, excepting mercury. It does not discolour gold, 
when alloyed with it. Its alloy with steel has been described 
in section 16. | . 

VOL. IL. M 
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-6. When.an alloy of silver or gold with rhodium is digested. 
in nitric or nitro-muriatic acid, the rhodium remains 
untouched; but when alloyed with three times its weight of 


bismuth, copper, or lead, each of these alloys may be dissolved 


completely, in a mixture, by measure, of two parts muriatic 
acid with one of nitric, Lead appears preferable, as it forms 
by evaporation an insoluble chloride. The chloride of rho- 
dium then exhibits the rose colour, from which the name of 


the metal has been derived. It is soluble in alcohol. 


7. Rhodium is not precipitated from its solution by ferro- 
prussiate of potassa, nor by muriate of ammonia, nor by 
hydrosulphuret of ammonia. ‘Whe carbonated alkalis produce 
no change; but the pure alkalis precipitate a yellow See 
soluble in all acids that have been tried. 

Berzelius has described three oxides of this metal, com- 
posed as follows: 


Metal. Oxygen. 
Protoxide .....++. 100 + 6.71 
Deutoxide ........ 100 + 13.42 
Peroxide ......++.0 100 + 20.13 


Dr. Thomson considers the existence of two oxides of 
rhodium as established, the black or protoxide, and the yellow, 
which are constituted as follows: | 


Metal. Oxygen. Metal. Oxygen. 
The protoxide.... 100 + 18.2 or 44 + 8 


The peroxide .... 100 + 36.4 or 44 + 16 


Whether the brown oxide be a distinct compound, or a 
mixture of the black and the yellow oxides, he has not ascer- 
tained. If these proportions be correct, 44 will be the 
atomic weight of rhodium, 52 of the protoxide, and 60 of the 
peroxide. 

II. Partapium. 1. The alcoholic solution (I. 1.) contains 
the soda-muriates of palladium and platinum. The latter 
metal may be precipitated by muriate of ammonia; and palla- 
diam may be obtained from the remaining liquid, by the addi- 
tion of prussiate of potassa, which occasions a sediment, at 
first of a deep orange colour, and changing afterwards to a 
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dirty bottle-green; owing, probably to the presence of iron. 
The precipitate is to be ignited, and .purified feomy: i70h; by 
cupellation with borax. | 

2. A more simple method of obtaining vhihidinar bid since 
been described by Dr. ‘Wollaston.* To! a solution of the ore: 
of platinum in nitro-muriaticacid, neutralized by evaporating 
the redundant acid, or by adding an alkali, and either before 
or after the separation of the platinum by muriate of ammonia, 
let prussiate of mercury be added. In a short time the liquid 
becomes yellow, anda flocculent precipitate is gradually 
formed of a pale yellowish white colour, which is the prussiate 
of palladium. ‘This, on being heated, yields the metal ina 
pure state, in the proportion of four.tenths or five-tenths of 
a grain from every hundred grains of the ore. 

3. Vauquelin has, also, nrenostd a method of separating 
rhodium and palladium from the ore of platinum. His pro- 
cess, which is less simple than the second method of Dr. Wol- 
laston, is described at length in the 4th and 7th volumes of 
Dr. Thomson’s Annals of Philosophy. ? 

On examining some ore of platinum, brought from the gold 
mines of Brazil, Dr. Wollaston discovered in it small frag- 
“ments of native pailadium, which appear to be free from 
admixture with every other metal, except a very minute portion 
of iridium. These fragments differ from the grains of pla- 
tinum, in being formed of fibres, which are in some degree 
divergent from one extremity. ‘This external character Dr. 
Wollaston deems sufficient for distinguishing the metal, in 
situations where recourse cannot be had to experiment.t . 

Mr. Cloud, assay-master of the American mint, has, also, 
discovered palladium in a native alloy of gold with that metal. t 
The alloy contained no other metal, and was perfectly free 
from its common ingredients, copper and silver. 

4. ‘The following are the properties of palladium. 

(a) Its colour resembles that of platinum, except that it is 
of a duller white. Itis malleable and ductile. Its specific 
gtavity varies from 10.972 to 11.482. Its power of con- 
ducting caloric is nearly equal to that of platinum, which it 
rather surpasses in expansibility by heat. 


* Phil. Mag. xxii, 272, or Phil. Trans. 1805. + Phil. Trans. 1809. 
t 74 Ann, de Chim. 99. 
M 2 
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(b) Exposed in an open vessel, to a greater degree of heat 

than is required to melt gold, no oxidizement ensues; and no 
- degree of fusion takes place. On increasing the fire con- 
siderably, a melted button is obtained, and the specific gravity 
is increased to 11.871. The metal, in this state, has a greyish 
white colour. Its hardness exceeds that of wrought iron. By 
the file it acquires the ir wie of platinum ; anid’ is malleable 
to a great degree. 

RelvAius hes stated that 100 parts of palladium unite with 
14.209 parts of oxygen. Hence the oxide consists of 


Palleqiti ssa o5 cect tro 
RS. POPSET « oly Woe pine eae 


ee 


100. 


(c) Palladium readily combines with sulphur. The com- 
pound is whiter than the separate metal, and is very brittle. 
It has been investigated by Berzelius, and shown to be com- 
posed as follows: 
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The equivalent number for the metal, deducible both from 
the oxide and sulphuret, is 56.2.. We may, therefore, denote 


the weight of its atom by 56 ; that of the oxide by 64; and of 
the sulphuret by. 72. 

(d) Palladium unites with potassa by fusion, and also with 
soda, but less remarkably. Ammonia, allowed to stand over 
it for some days, acquires a biuish tinge, and holds in solution 
a small portion of oxide of palladium. 

(e) Sulphuric acid, boiled with palladium, acquires a beau- 
tiful blue colour, and dissolves a portion of the metal. The 
action of this acid, however, is not’ powerful; and it cannot 
be considered as a fit solvent for palladium. aay 

(f) Nitric acid acts with much greater energy on palla- 
dium. It oxidizes the metal with somewhat more difficulty 
than it acts on silver; and, by dissolving the oxide, forms a 
very beautiful red solution. During this process no nitrons 
gas is disengaged. Nitrous acid has a more rapid action on 
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palladium than the nitric.’ From. these solutions, potassa 
throws down an orange-coloured precipitate, which is ‘pro- 
bably a hydrate. 

(g) Muriatic acid, by being boiled on palladium, acts apun 
it, and acquires a beautiful hee colour. 

(h) But the appropriate solvent of palladium is nitro- 
muriatic acid, which acts upon the metal with great violence, 
and yields a beautiful red solution. 

(1) From all the solutions of palladium in acids, a preci- 
pitate may be produced by alkalis and earths. These pre- 
cipitates are mostly of a fine orange colour; are partly dis- 
solved by some of the alkalis; and that occasioned by 
ammonia, when thus re-disselved, has a greenish blue colour. 
If to the solution of 56 grains of patecium: a quantity of 
carbonate of potassa be added, containing 48 grains of base, 
we obtain on evaporation, extr emely minute prismatic crystals 
of a beautiful brown colour, and a sweet astringent. taste, 
insoluble in alcohol, but pretty soluble in water. (Thomson.) 
Sulphate, nitrate, and muriate of potassa, produce an orange 
precipitate in the salts of palladium, as in those of platinum ; 
but the precipitates from nitrate of palladium have generally 
a deeper shade of orange. All the metals, except gold, 
platinum, and silver, cause very copious precipitates in solu- 
tions of palladium. Recent muriate of tin produces a dark 
orange or brown precipitate from neutralized salts of pal- 
ladium, and is a very delicate test of this metal. Green 
sulphate of iron precipitates palladium in a metallic state ; 
and, if the experiment succeed, the precipitate is about equal 
in weight to the palladium employed. J erro-prussiate of 
potassa causes an olive-coloured precipitate. ‘The prussiate of 
palladium, separated by a neutral solution of prussiate of 
mercury, has the property, when heated to about 500° of 
Fahrenheit, of detonating, with a noise similar to that 
occasioned by firing an equal quantity of gunpowder. Hydro- 
sulphurets, and water impregnated with sulphureted hydrogen 
gas, occasion a dark brown sediment from solutions of pal- 
Jadium. 

(k) Palladium readily combines with other metals. It has 
the property, in common with platinum, of destroying the 
colour of gold, even when in a very small proportion —Thus 
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one part of platinum, or palladium, fused with six of gold, 
reduces the colour of the gold nearly to that of the white metal 
employed. 

Dr. Wollaston has furnished an alloy of gif and palla- 
dium for the graduation of the magnificent circular instrué 
ment, constructed by Mr. Troughton, for the Greenwich 
observatory. It has the appearance of platinum, and a degree 
of hardness, which peculiarly oe it for receiving the gradua- 


tions, 
agi 


SECTION XXXVIII. 
Tridium and Osmium. 


Wuen the ore of platinum has been submitted to the action 
of nitro-muriatic acid, a part remains undissolved, in the 
form of a black powder, resembling plumbago. In this sub> 
stance, the late Mr. Smithson Tend discovered two new 
metals. The process, which he employed to separate them, 
was the following: . 
I. 1. The powder was fused in a silver crucible with pure 
soda, and the alkali then washed off with water. It had 
acquired a deep orange or brownish yellow colour, but much 
of the powder was undissolved. ‘The residue was digested in 
muriatic acid, and a dark blue solution obtained, which 
afterwards became of a dusky olive-green; and, finally, by 
continuing the heat, of a deep red colour. By the alternate 
action éf the acid and alkali, the whole of 4g powder 
appeared capable of solution. 

2. The alkaline solution contained the oxide of a volatile 
metal not before described; and also a small portion of another 
metal. When the solution was kept some weeks, the latter 
metal separated spontaneously i in thin dark-coloured flakes. 
The acid solution contained both metals also; but principally 
one, which is not altered by muriate of tin, is precipitated of a 
dark brown colour by pure alkali; and which exhibits, during 
solution in muriatic acid, a striking variety of colours, arising 
from variations in its degree of oxidation. From this pro- 
perty Mr. Tennant terms it rriprum. ‘The proportion of 
oxygen in its oxide was not determined; nor has Dr. Thom- — 
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son succeeded in any of the attempts he has made to ascertain 
the proportions in which iridium unites with oxygen. 

8. In order to obtain muriate of iridium, free from the 
other metal, the acid solution (2) was evaporated, and an 
imperfectly crystallized mass obtained; but this, dried on 
blotting-paper, and again dissolved and evaporated, gave 
distinct octahedral crystals. ‘he watery solution of these 
crystals had a deep red colour, inclining to orange. With 
infusion of galls no precipitation ensued; but the colour 
almost instantly disappeared. Muriate of tin, carbonate of 
soda, and prussiate of potassa, had the same effect. Pure 
ammonia precipitated the oxide, but retained a part, and 
acquired a purple colour. All the metals, except gold and 
platinum, precipitated iridium of a dark colour from the 
muriate which had lost its colour. From the composition of 
the muriate (or rather chloride) of iridium, Dr. Thomson 
determines the atomic weight of the chloride to be 66, and 
deducting from this the weight of an atom of chlorine, the 
atom of iridium will weigh 30. From analogy, the protoxide 
should consist of $0 iridium + 8 oxygen. 

4. Iridium was obtained pure by heating the muriate, which 
expelled both the acid and the oxygen. It was of a white 
colour and perfectly infusible. But Mr. Children has since 
fused it by his immense galvanic battery into a metallic 
globule, which’ was white, very brilliant, and, though porous, 
had the high specific gravity of 18.68.* It did not combine 
with sulphur or arsenic. Lead united with it, but was 
separated by cupellation. Copper, silver, and gold, were 
severally found to combine with it, and it could not be 
separated from the two latter by cupellation with lead.—lIts 
other properties remain to be examined. 

II. 1. Osmium was procured in the state of an oxide, by 
simply distilling the alkaline solution, obtained as already 
described (I. 1.) along with any acid. It was even found 
to escape, in part, when water was added to the dry alkaline 
mass remaining in the crucible; and was manifested by a 
pungent and peculiar smell, somewhat resembling that of 
chlorine gas, from which property its name has been derived. 


-® Phil. Trans, 1815, p. $70. 
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The. watery solution of oxide of osmium is without colour, 


has a sweetish taste, and the strong smell already alluded 
to.; Another mode of obtaining, still more concentrated, . the 
oxide of osmium, is by distilling the original black powder 


with nitre.. A solution of oxide of osmium in water is found 


in the receiver, of such strength as to give a stain to the skin 
that cannot be effaced. The most striking test of this oxide 
is an infusion of galls, which presently becomes of a purple 
colour, and afterwards changes to a deep vivid blue. With 
pure ammonia, the solution becomes somewhat yellow; and 
slightly. so with carbonate of soda. ‘With alcohol, or: still 


_ more quickly with ether, it acquires a dark colour, and, after 


some time, separates in the form of black films. 

_M. Laugier having observed that nitro-muriatic acid, which 
has been employed to dissolve platinum, emits a strong odour 
of osmium, distilled the liquor, and: saturated ‘the product 
with quicklime; after which, by again distilling the liquid, he 
obtained a. quantity of osmium Vahwaasl to repay the trouble 
of the process.* . | 

2. ‘The oxide of osmium, the precise composition of which 
is unknown, gives up its oxygen to all the metals, excepting 
gold and platinum. When its solution in water is shaken with 
mercury, the solution loses its smell; and the metal, combin- 
ing with the mercury, forms an amalgam. From this, much 
of the redundant mercury may be separated by squeezing it 
through leather, which retainsthe amalgam of a firmer consis- 
tence. The mercury being distilled off, the osmium remains 
in its metallic form, of a dark grey or blue colour. By expo- 
sure to heat, with excess of air, it evaporates with its usual 
smell; but, if oxidation be effectually prevented, it does not 
seem in any degree volatile. Being subjected to a strong 
white heat, in a cavity made in a piece of charcoal, it is not 
melted, nor does it undergo any change. With gold and 
silver it forms malleable alloys. These are easily dissolved in 
nitro-muriatic acid; and by distillation give the oxide of 
osmium with its usual properties. It is capable, also, of being 
alloyed with steel, as has already been stated in section 16. 

3. The pure metallic osmium, which had been previously 


* 89 Ann. de Chim, p, 194. | 
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heated, does not seem to be acted upon by acids; at least no 
effect is produced by boiling it some time in nitro-muriatic 
acid. By heating it in a silver cup with alkali, it immediately 
combines with the alkali, and this compound gives, with water; 
a yellow solution, similar to that from which it had been pro- 
cured. From this solution, acids expel the oxide of osmium, 
having its usual smell, and possessing the property of chang- 
ing to a vivid blue the infusion of galls. 

Besides the black powder from sabishi osmium is obtained, 
Dr . Wollaston has discovered a separate ore of these. two 
metals, mixed with the grains of crude platinum. The spe- 
cific gravity of this ore is about 19.5, and therefore exceeds 
that of crude platinum itself, which is only 17.7... The grains 
are about the size of those of crude platinum, but are consi- 
derably harder ; are not at all malleable; and appear to con- 
sist of laminze, possessing a peculiar lustre. 

The discovery of Mr. ‘Tennant, and the accuracy of his 
results, if they had required confirmation, have received: it 
from an elaborate investigation of Vauquelin, whose memoir 
is published in the 89th volume of the Annales de Chimie, and 
in the sixth volume of Dr. Thomson’s Annals. Other methods 
of -extracting the four rarer metals (palladium, rhodium, 
iridium, and osmium), from the ore of platinum, have been 
since described, also, by M. Baruel. (See Quarterly Journal, 
XH. 247.) 

- iy ei 


SECTION XXXIX, 
Nickel. 


To obtain pure nickel, Dr. Thomson has employed with 
success the following process, the outline of which was 
suggested to him by Dr. Wollaston. Reduce to coarse powder 
a quantity of the brittle reddish alloy, known in commerce by 
the name of speiss, which is: chiefly a compound of arsenic 
and nickel; ; pour upon it a quantity of dilute sulphuric acid ; 
place the mixture in a Wedgwood’s evaporating dish, and 
add, at intervals, the quantity of nitric acid requisite to enable 
the acid to act upon the speiss. By this operation, a deep 
grass-green liquid is obtained, while a considerable quantity 
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of arsenious acid remains undissolved. Decant the green 
liquid, and evaporate it till it is sufficiently concentrated to 
yield crystals, when it is to be set aside in a cool place. A 
deposit of beautiful crystals of sulphate of nickel will be 
obtained. By concentrating the liquid still further, more crys- 
tals of sulphate of nickel will fall; but after a certain time 
the liquid, though its colour continues dark green, refuses to 
yield any more crystals of the sulphate. When evaporated still 
farther and set aside, a very abundant deposit is made of an 
apple green salt, which adheres very firmly to the evaporating 
dish, and which is a double salt, consisting -of sulphate of 
nickel and arseniate of nickel. Dissolve this in water, and 
pass a current of sulphureted hydrogen gas through it, as long 
as any precipitate appears. Filter and evaporate again, when it 
will still be converted into an apple-green matter. When this 
is dissolved in water, the liquid becomes opake, owing to the 
separation of a quantity of arsenious acid. ‘The liquid, being 
filtered and again evaporated, yields crystals of true sulphate 
of nickel. For greater security, the whole of the sulphate of 
‘nickel, which has been obtained, may be icaeecilas and 
crystallized a second time. 

The pure sulphate is next to be dissolved in water, and 
decomposed by carbonate of soda. ‘The carbonate of nickel, 
when well washed and dried, is a light green-coloured powder. 
To reduce the metal, this carbonate is to be made up into 
balls with a little oil, which are to be put into a Hessian cruci- 
ble, and surrounded with powdered charcoal. A cover is to 
be luted on the crucible, and it is to be exposed, for two hours, 
to the strongest heat that can be raised in a melting furnace. 
By this process, Dr. ‘Thomson has always obtained a button 
of pure nickel in the metallic state. (Ann. of Phil. xiv. 144.) 

Dr. Clarke, of Cambridge, has also shown that the crystals 
of nitrate of nickel, when placed in a cavity scooped out of a 
piece of charcoal, and exposed to the oxy-hydrogen blow-pipe, 
afford a bead of metallic nickel. This, however, is a process 
obviously adapted to yield only very minute quantities of 
nickel. (Ann. of Phil. xiv. p. 142.) 

Other processes, for obtaining and purifying nickel, are 
described by Richter in the 12th volume of Nicholson’s Jour- 
nal; by Robiquet in the 69th, and. by Tupputi in the 78th, 
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volumes of the Annales de Chimie; by Mr. Mill in the Annals 
of Philosophy, N.S. iii.201, and by Berthier, vii. 395. The 
memoir of Tupputi contains an elaborate investigation of the 
properties and combinations of nickel. 

Pure nickel:has the following characters: 

Its colour is white, and intermediate between those of silver 
and tin. It admits of being finely polished, and has then a 
lustre between those of steel and platinum. When ignited, 
its colour changes to that of antique bronze, which is increased 
every time the metal is heated. 

‘It is perfectly malleable, and may be forged when hot into 
bars and hammered into plates when cold. At 541° Fahr., 
Tourte found its specific gravity 8.402, and, after being 
thoroughly hammered, 8.932. It is ductile, and may be drawn 
into very fine wire. It cannot easily be soldered, on account 
of the oxide which forms on its surface when heated. Its power 
of conducting heat is superior to that either of copper or zinc. 
It obeys the magnet, and is itself capable of becoming mag- 
netic, properties which are retained even when it is alloyed 
with a little arsenic, and, as Lampadius has shown,* with metals. 
In difficult fusibility by heat, it appears to equal manganese. 

Oxides of Nickel.—Nickel appears to be susceptible of two 
different states of oxidation. By long exposure to a red heat, 
with free access of air, it is converted into a dark brown oxide, 
which is still magnetic. In oxygen gas, it burns vividly, and 
throws out sparks. When precipitated from its solution by 
alkalis, and moderately ignited, it becomes of an ash-grey 
colour with a slight tinge of blue or green, and in this state 
consists, according to Klaproth, of 100 metal + 51.5 oxygen. 
_ By farther ignition, it becomes blackish grey, and then con- 

sists, as stated by Richter, of 100 metal and 28.2 oxygen. 
Tupputi, from 100 grains of nickel dissolved in nitric acid, 
precipitated by a fixed alkali, and calcined, obtained 127 grains 
of an ash-grey powder, which is to be considered as the 
protoxide. Hence it is composed of 
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* Thomson’s Annals, v. 61, 
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' This, however, differs’ considerably from the results ob- 
tained by Lassaigne, who found the oxide obtained by gently 
calcining nitrate of nickel, to consist of 


Nickel. ..... 83.34 .... 100 .... latom = 40 
Otygen:.....: 16.06.2520 “202. atoms 78 
100. 48 


Dr. Thomson again, from the composition of the sulphate, 
derives 26 for the atomic weight of nickel, and 34 for that of 
the protoxide.. Mr. Phillips considers 29, and Mr. Brande 
80, as the equivalent of the metal. With such a want of 
agreement, the subject must be considered as open to further 
inquiry. 

Thenard describes also a black peroxide of nickel, obtained 
by passing a current of chlorine gas, through water in which 
the hydrate is suspended. Its precise composition is un- 
known ; but it has been stated by Rolhoff to contain 14 times 
as much oxygen as the protoxide, to which he assigns 27.255 
oxygen on 100 of the metal. ‘The peroxide, therefore, should 
consist of 100 nickel + 40.882 oxygen. It has several analo- 
gies with oxide of manganese. Its colour is intensely black, 
and it evolves chlorine from muriatic acid. In a sufficiently 
high temperature, these oxides are reducible without addition; 
nor is nickel more tarnished by a strong heat than gold, silver, 
or platinum. It ranks, therefore, among the hoble or perfect 
metals. 


Salts of Nickel. 


Chloride—Nickel, when heated in chlorine gas, affords an 
olive-coloured. compound, which is probably a bi-chloride. 
The muriate of nickel, when evaporated and strongly heated, 
affords brilliaut yellow scales, which are probably the proto- 
chloride; but these compounds have not been sablicionply 
examined. 

Iodide of nickel may be formed by precipitating any piliekiog 
_of nickel with hydriodate of potassa. It is insoluble and of a 
- green colour. git 

The sulphuric and muriatic acids have little action on nickel ; 
but the former is enabled to dissolve it by additions of nitric 
acid, made in successive portions till the solution is complete. 
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Sulphate of nickel-is a beautiful green salt in quadrangular 
prisms, which are not altered’ by exposure to the atmosphere. 
It has a sweetish and astringent taste; and is soluble in three 
times its weight of water at 60°. Sulphate of nickel forms 
sometimes rhombic prisms, and sometimes square prisms, but 
on a careful analysis of these two varieties, Mr. Phillips could 
not find any difference amounting to an atomic disparity. 
(Ann. of Phil. N.S. vi.437.) Dr. Thomson (First Princ. of 
Chem. ii. 133,) has analyzed this salt, with a view to ascertain 
the equivalent number of nickel, which he deduces to be 3.25 
= 26, oxygen being considered as 8. The sulphate he finds to 
consist of 
Atoms. 
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The appropriate solvents of nickel are the nitric and nitro- 
muriatic acids. The nitric solution has a beautiful grass- 
green colour, and on evaporation affords rhomboidal crystals, 
which have not been precisely analyzed. Carbonate of po- 
tassa throws down an apple-green precipitate, which assumes 
a dark grey colour when heated. ‘The fixed alkalis occasion 
a bulky greenish white precipitate, which is a hydrate or: 
Wrauerowee of nickel, composed of 76 per cent. of the prot- 
oxide and 24 water. 

When pure ammonia is added to nitrate of nickel, a preci- 
pitate is formed, resembling that which is separated by am- 
monia from a solution of copper, but not of so deep a hue. 
This colour changes, in an hour or two, to an amethyst red, 
and to a violet; which colours are converted to apple-green 
by an acid, and again to blue and violet by ammonia. If the 
precipitate retain its blue colour, the presence of copper is 
indicated.* This precipitate, which is a hydrate, is re-dis- 
solved by an excess of ammonia; and by this proper ty the 
oxide of nickel may be separated, in analyses, from those of 
almost all other metals. 


” 


* See Richter in Nicholson's Journal, xii. 
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From the solutions- of nickel, ferro-cyanate of potassa 
throws down a sea-green precipitate. According to Bergman, 
250 parts of this contain 100 of metallic nickel. ‘This state- 
ment, however, differs considerably from Klaproth’s, according 
to whom 100 grains of nickel, after solution in sulphuric acid, 
give a precipitate by prussiate of potassa, which, after being 
ignited, weighs 300 grains. 

Tincture of galls produces no change in solutions of nickel. 

Arseniate of potassa precipitates from the nitrate a pale 
green arseniate of nickel; soluble, according to Berzelitis 
(Ann. de Chim. et de Phys. xvii. 220), in pure ammonia. 
From this solution, potassa throws down a compound of oxide 
of nickel with potassa, and the acid of arsenic remains united 
with the alkali. : | 

The solutions of nickel-do not deposit the metal either on 
polished iron or zinc.* All that takes place by the action of 
zinc, is the separation of a mud-coloured precipitate, consist- 
ing, for the most part, of arsenic and iron, with which nickel 
generally abounds. Hence the green colour of the solutions 
of nickel is greatly improved by the action of zinc. 

Sulphurets of Nickel.—Solutions of all the salts of ‘ielal 
are decomposed by alkaline hydro-sulphurets, with which they 
form black precipitates; but sulphureted hydrogen has no 
effect on them. Nickel may, however, be combined directly 
with sulphur by fusion, and forms a grey compound with a 
metallic lustre. The proto-sulphuret contains, according to 
Mr. E. Davy’s experiments, 34 per cent. of sulphur; and the 
bi-sulphuret, which may be formed by heating the protoxide 
with sulphur, is stated, by the same chemist, to contain 43.5 
per cent. of sulphur. In the proto-sulphuret, therefore, 100 
of metal are united with 51.51 sulphur, which, divided by 2, 
is not very remote from the oxygen stated by ‘Tupputi as con- 
stituting protoxide; while in the bi-sulphuret, 100 of metal 
are combined with 77 of sulphur, which is pretty exactly a 
multiple of 51.51 by 1.5. , 

Carburet.—Nickel is susceptible of uniting with carbon, and 
is apt indeed to form this union when reduced from its salts 
by carbonaceous matter. According to Mr. Ross, it composes 


* See Klaproth’s Analytical Essays, i. 433. 
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a substance resembling iodine or micaceous iron ore. (Ann. of 
Phil. N. S. ii 62, 149, and ii. 201.) 

Nickel may be alloyed with most of the metals, Wot the come- _ 
pounds have no particularly interesting qualities. An alloy of 
iron and nickel has been found in all the meteoric stones that 
have hitherto been analyzed, however remote from each other 
the parts of the world in which they have fallen. In these, it 
forms from 14. to 17 per cent. of their weight. It enters, also, 
into the composition of the large masses of native iron disco- 
vered in Siberia and in South America; and was found by 
Mr. Brande to the extent of 3 per cent. in native iron brought 
from the Arctic regions. 

To detect, ina general way, the presence of nickel in iron, 
Dr. Wollaston recommends that a small quantity (which need 
not exceed ++. of a grain) should be filed from the specimen ; 
dissolved in a drop of nitric acid; and evaporated to dryness. 
A drop or two of pure liquid ammonia, added to the dry 
mass and gently warmed, dissolves any nickel that may be 
present. The transparent part of the fluid is then to be led, 
by the end of a glass rod, to a small distance from the pre- 
cipitated oxide of iron; and the addition of a drop of triple 
prussiate of potassa detects the presence of nickel by the 
appearance of a milky cloud, which is not discernible in the 
solution of a similar quantity of common wrought iron treated 
in the same manner. The method of ascertaining with pre- 
cision the quantity of nickel in its alloy with iron, employed 


by the same philosopher, will be described in n the spi ap on 
mineral analysis. 
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CHAPTER X. 
VEGETABLE SUBSTANCES. 


VEGETABLE substances, though distinguished from each 
other by peculiar characters, present several circumstances of 
agreement as to chemical properties. Oxygen, hydrogen, 
and carbon are their principal ingredients, to wnich a certain 
proportion of nitrogen is sometimes added; and variations in 
the |proportions, ae mode of combination, of these elements, 
occasion the great diversity, which subsists among the pro- 
ducts of the vegetable kingdom. ‘They are all susceptible of | 
decomposition by heat alone; but we cannot always, as in 
bodies of the mineral kingdom, proceed from a knowledge 
of their components to the actual formation of the substances 
themselves. It is not probable, indeed, that we shall ever 
attain the power of imitating nature in these operations. Tor 
in the functions of a living plant, a directing principle appears 
to be concerned, pels to animated bodies, and superior to, 
and differing from, the cause which has been termed chemical 


affinity. 
The productions, of which I am about to offer the chemical 


eo... may be regarded as the immediate or proximate prin- 
‘ciples of vegetables ; ; for we may presume, generally speaking, 


that they exist in the living plant in a state identical with that, 
under which chemical processes exhibit them. It is not so 
when we proceed to the ultimate analysis of vegetables; for, 
in that case, we obtain compounds, which formed no part of 
the vegetable structure, and which result from an entirely new 
arrangement of the elements composing it. Acetic and car- 
bonic acids, for example, are obtained by the destructive dis- 
tillation of several vegetable substances, in which neither of 
those acids existed ready formed, but only their elements. 
The destructive distillation of vegetables, or the subjecting 
them to the action of heat in close vessels, with a view to 
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collect both the condensible and aériform products, was, until 
within a few years past, the only method employed to deter- 
mine the proportion of their ultimate elements; but more 
refined and perfect modes of analysis were introduced by Gay 
Lussac and Thenard, which have afforded results much more 
deserving of confidence.* The object of these improved pro- 
cesses, which are equally applicable to vegetable and animal 
substances, is to convert the whole of the carbon into car- 
bonic acid, and the whole of the hydrogen into water, by 
means of some compound containing oxygen in so loose a 
state of union, as to give it up to those bases at the tempera- 
ture of ignition. The following illustrations are intended to 
explain the rationale of the process. 


Ulkimiite Analysis of Organic Substances. 


1. If we have charcoal only, mixed with incombustible 
matter, and wish to determine its quantity, all that is neces- 
sary is to expose. a known weight. of the substance under 
examination, in a state of perfect mixture with a fit oxide, to 
a red heat, and to collect the carbonic acid. From the 
volume of this gas, its weight may be easily calculated (see 
vol. i. p. 348.) 3 and of this: weight six nee in 22 are pure 
carbon. 

2. Let us next suppose Sthae we, are operating on a com- 
‘pound of charcoal with hydrogen. This, if solid, must be 
mixed with an excess of the oxidated substance’ which is em- 


ployed, and the carbonic acid collected as before. Calculating, 
by the same method, the quantity of charcoal which it con- 
tains, we obtain the weight of one element of our unknown 
compound ; and this, deducted from the weight which was 
submitted to experiment, gives the weight of the remaining 
element, hydrogen. ‘To attain greater certainty, the water, 
which is formed, may be actually collected, by a proper addi- 
tion to the apparatus, either at the same operation with the 
carbonic acid, or at another, performed expressly for the pur- 
pose. Of this water, one part in nine is hydrogen.» The 
carbon, calculated from the carbonic acid, and the hydrogen 
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from the water, shina together make up D pr ecisely the Rentt 
of the compound on which we have operated, 

3. A third case may be supposed, in which carbon and 
hydrogen are united with oxygen, but yet not with enough to 
convert them entirely, at a high temperature, into carbonic 
acid and water. In this case, the first steps of the operation 
are the same as before. But on summing up the results, the 
weight of the carbon and hydrogen, discovered in the /pro- 
ducts, will be found to fall short of the weight of the sub- 
stance submitted to experiment. If no other product has 
been formed, beside water and carbonic acid, the deficiency 
may safely be placed to the account of oxygen. For example, 
if from 10 grains of a supposed compound of hydrogen and 
carbon we obtain, by ignition with an oxide, 22 grains of car- 
bonic acid and 9 grains of water, these are equivalent to 6 
grains of carbon and 1 of hydrogen: but 6 + 1 = 7 leave 
a deficiency of 3 grains, which may be inferred to be oxygen. 
To verify this conclusion, if at all doubtful, it may be proper 
to examine what quantity of oxygen has been lost by the 
oxide employed to effect decomposition; and if this fall short 
of the oxygen contained in the carbonic acid, and in the 
_ water, then the quantity required to make up the sum, must 
have previously existed in the subject of analysis. For instance, 
in the supposed case, we find 16 grains of oxygen in the car- 
bonic acid and 8 in the water obtained, together 24; but if 
the oxide can be shown ‘by experiment, to have lost only 21 
grains, we may safely conclude that 3 grains pre-existed in 
the compound. 

4. In a few vegetable substances, and in almost all animal 
ones, beside carbon, hydrogen, and oxygen, azote or nitrogen 
exists as a component, and its quantity requires to be deter- 
mined. | With a proper attention to the details of the process, 
this -fourth element may be obtained in the state of a gas, 
which remains after absorbing the carbonic acid by solution 
of: potassa, and the oxygen (if any) by a fit agent: From the 
volume of the ‘gas, its absolute weight may easily be calcu- 
lated. (See vol. i. p. 285.) | 

Such is an outline of the process employed for the decom- 
position of vegetable and animal substances, divested, for the 
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purpose of ‘rendering its objects and results more intelligible, 
of all détails.. These details, however, are of considerable 
importance in practice, and. will, therefore, be presently stated 
at length. It may be proper, however; first to remark, that 
all the analyses which have been thus performed, and which 
are worthy of confidence, conspire to prove that the elements 
of organized, like those of inorganic matter, are united in 
definite proportions; and farther, that the law of simple mul- 
tiples holds ‘strictly, with, respect to the elements of organic 
bodies.!,.. We may. derive, therefore, as has been well observed 
by Dr. Prout, the: most valuable assistance in our researches 
into organic compounds, fromthe use of Dr, Wollaston’s 
séale of icheniical equivalents.* To fit it for this purpose, he 
recommends that it-be extended. a little, by pasting two slips 
of drawing. paper on) its edges, of such a breadth as just. to 
lap. over and cover the margins containing the names of the 
chemical substances generally marked upon it, and to coincide 
withthe: graduated edges of the slide. On these slips of 
paper are to|be marked the multiples of an atom of oxygen, 
hydrogen, dnd. carbon, from one to ten; and of azote from 
one to four or five or more. "Thus prepared, it will be easily 
applied; by all who are acquainted with the principle of the 
instrument, to. the purposes of facilitating and verifying 
analyses, the results of which can only be correct when they, 
agree with some of the proportional numbers, marked upon | 
the scale. For example, an analysis showing 48 parts. of. 
oxygen, 6 of hydrogen, and 36 of carbon ina veeatable coms. 
pound, or quantities proportional to these, agrees with six 
atoms of each of those elements. But such an alteration of 
any of those numbers as would indicate the fraction of an atom 
(the reduction of the carbon, for instance, to 34) would be in- 
consistent with the law of simple multiples, and would suggest 
the necessity of a fresh appeal to experiment. 

The agent, first employ red. by Gay ha and Thenard in 
the combustion of organic substances, was. the chlorate of 
potassa, (vol. i. p. 533.) applied by means of an ingenious ap- 
paratus, which is described in the second volume of their 


* Ann. of Phil. iv. 270. 
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Recherches. Physico-chimiques, and also'in Mr. Children’s trans- 
lation of Thenard’ on Chemical Analysis. -For chlorate of 
potassa, Gay’ Lussac afterwards’ substituted ‘the perowide of 
copper, which; being found to afford moré’ accurate results, 
with a less complicated’ apparatus, ‘and fewer difficulties of 
manipulation, is) now generally preferred, especially in* the 
analysis of animal compounds. Peroxide of copper'may be 
prepared for this purpose by calcining on a’muffle the scales 
or filings of that metal, or the esi ulin of the distillation of 
acetate of copper, pulverizing them ‘repeatedly, and. again 
spreading them on ‘the muffle; ‘or by ‘calcining the ‘nitrate of 
copper at a low red heat. ». Mr. Cooper prefers'the oxide pre- 
pared from the residuum, and advises that itshould be pul- 
verized, and ‘sifted, first throughiva fine wire sieve, and then 
through a’ lawn one; the fine’ dust® which“ passes’ the “latter 
being rejected ‘as not adapted to the purpose.’ Several varia- 
tions in the method: of proceeding have’ been” recommended 
. by different experimenters. 'The°tube, for containing ‘the 
‘mixture of the oxide and body to‘ be analysed, is by some pre- 
ferred of copper, by others of crown ‘or green bottle glass ; 
and the heat has been applied, either by encompassing the 
tube with burning charcoal, or with the flame of a spirit lamp: 
Glass tubes of about 1-3d ofan inch ‘bore, or of a diameter 
adapted tothe quantity operated upon, seem, on the whole, to 
be preferable to metallic ones;:and the heat of a spirit lamp, 
used in the most improved manner, appears to me adequate to 
effect a complete decomposition of most nek eas ‘and animal 
compounds. . hoe 

If the substance be a solid, from 3 to 5 grains are to be 
carefully dried, which is best done by placing it in fine powder 
~ under an exhausted receiver along with sulphuric acid.. Anappa- 
ratus for drying substances in vacuo, at a temperature of 212° 
Fahrenheit, is described by Dr. Prout'in Ann. of Phil. vi, 272. 
To those, who have not an air pump, Mr. Cooper: recom- 
mends a wide mouthed vial furnished with an accurately 
ground stopper, and another smaller vial that will easily go 
into it, and will allow the stopper to be fixed. in its place. 
A little tallow is to be applied to the stopper, to insure its 
fitting accurately. Strew°on the bottom of the larger vial a. 
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quantity of dry chloride of calcium; put into the smaller 
vial the substance intended to be dried; and place this in 
the larger vial standing on the chloride; moisten a small bit of 
. paper with alcohol, and put it into the larger vial, but not 
within the smaller one. (When thus arranged, set fire to 
the moistened paper, and when it has burned a second or 
two, put the stopper into its place. A sufficiently good 
vacuum is in this way formed, and the process of desiccation 
goes on rapidly. 

The materials, when dry, are to be triturated in a glass or 
porphyry mortar, first by themselves, and then with 120 or 
-200 grains of the peroxide of copper, added by degrees, so 
that the substance and the oxide may be thoroughly incor- 
porated. This mixture must be transferred, with the most 
scrupulous care to avoid loss, into the glass tube, and a little 
more of the peroxide must be triturated in the mortar, to col- 
lect any remains of the substance under analysis, and then 
added to the contents of the tube. Over these, 20 or 30 
grains of the peroxide may be placed; and the remainder of 
the tube may be filled with perfectly dry amianthus. The 
peroxide should either have been recently cooled from a state 
of ignition, or, as advised by Dr. Ure, have been suffered to 
imbibe all the moisture it is capable of absorbing from the 
air, and.assayed for the quantity, which, in that case, must be 
deducted from the loss of weight, sustained by the peroxide 
in the experiment. To operate on a fluid, Dr. Ure incloses 
it in a sitiall glass bulb capable of holding three grains of 
water, ‘and having a small pointed orifice. It is easy to fill 
such a bulb by first expelling the air from it by heat, and 
then immersing its orifice in the liquid. The bulb thus filled, 
and carefully weighed, is to be placed at the bottom of the 
tube, and covered with the requisite quantity of the peroxide 
of copper.. In all cases, the tube, with its contents, should be 
accurately weighed, and its weight registered. 

For the purpose of applying heat to the tube, and obtaining 
the gaseous products with only a small quantity of mercury, 
an useful apparatus has been contrived by Dr. Prout, Of 
this I am induced, by having witnessed its successful applica 
tion in. his hands, to give the annexed sketch, 
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Scale He ches 


Pa ce a art ec 


Is Inches 


_ Two square upright pillars are morticed into a square tray 
(a a at the bottom of the figure) about 3-4ths of an inch deep, 
and are fixed at the top by brass screws into a flat shelf of wood, 
3 in. broad at each end, and 5 in the middle, in which is an oval 
slit or hole 41 inches long and 11 wide, distant 12 inches from 
the right hand extremity of the shelf. Below this is another 
shelf; bb, which is moveable by a rack and pinion worked ‘by 
a small handle; shown at f. Into a shallow cavity in this 
shelf is fixed a cistern of copper covered with hard varnish 
(cast iron would be better) and having a deep cylindrical 
cavity or well at d. This, to economize mercury, may occa-_ 
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sionally be filled with a plug of wood or cast iron. The 
cistern may be of any convenient dimensions, as 51 long by 14 
wide, and in its bottom, an opening is required about 5-8ths 
of an inch diameter for admitting the glass tube g g, which 
is secured in its place by a perforated cork, and is passed 
also through the axis of a brass spirit lamp, which, as well 
as the wick, has a circular hole for the purpose. The lamp 
is placed on a small shelf, perforated also, and moveable by 
the rack and pinion. A small mirror of tin, with the con- 
cave side downwards, is screwed to the bottom of the cistern, 
to guard the cork from being burned by the heat of the 
lamp. At kis a turning button with a semicircular notch 
for securing in an upright position the jar 4, which should be 
capable of containing 7 or 8 cubical inches.* 

The tube gg being fixed in its place, and the jar h filled 
with and inverted in mercury, the spirit lamp is set as high 
as its carriage will permit, and lighted. The part of the tube, 
which is surrounded by the burning wick, soon becomes red 
hot, and gas is evolved. When it ceases to issue, the lamp 
may be gradually lowered, soas to heat successively the whole 
of the tube, and then moved upwards to the top. When this 
has been skilfully performed, the whole of the substance under 
analysis will be found to have been decomposed ; but to insure 
accuracy, its contents may be taken out, triturated in a 
mortar, and subjected to a repetition of the same operation. 
The gases obtained must be exposed to the action of liquid 
potassa, which will absorb the carbonic acid. In measuring 
the residue, it will be necessary to equalize the level of the 
mercury within and without the receiver, by immersing it in 
the welld. The residuary gas will probably be nitrogen only, 
but it may be assayed for oxygen by nitrous gas as citeshed 
vol. i. p. 313. The gases must of course be either measured 
at a mean of the barometer or thermometer, or the proper 
corrections made for deviations from these standards, as well 
as for aqueous vapour, by the rules already given. vol. i. 
p- 25, &c. 

_ To collect the water, a separate operation on another. por= 
tion of the substance is necessary. When this is done, the 


 *® The instrument, from which the drawing was taken, was made by Mr. 
Tuther, Optician, Holborn. 
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mercurial cistern’ may be removed; andsuch a condensing 
apparatus substituted, as will be obvious to Eeane conversant 
with chemical processes. 

' By the apparatus of Dr. Bisuty. a part only of the: iehhe 
ers its contents can be ‘heated at once. This is‘of little con- 
sequence when. solid bodies are acted upon; ‘but in ‘the 
decomposition of liquids, or of solids yielding liquid products, 
it is desirable to ignite a greater length of the tube at a time. 
To effect this, Mr. Cooper, of Lambeth, employs a lamp, 
which appears to me-very well adapted to the purpose, and - 
which he has described, and represented by an engraving, in 
apaper printed in the 41st vol. of Trans. of the Society of 
Arts, and copied into the Ann. of Phil. N.S. vii. 170, andthe | 
Quart. Journ. xvii. 232. His lamp is of tin, in the shape of 
a parallelopipedon, 8 inches long and 14 square, with 10 
flat wick-holders fixed at equal distances and at a small angle 
with its upper surface, each wick-holder being half an inch 
broad and 3-8ths of an inch high. .Of these lamps two are 
necessary, and they are placed in a small tin tray which. is 
raised on four feet, and has a‘ longitudinal slit in the middle 
78. inches long and 8-8ths of an inch wide. On this tray the 
lamps are placed with their wicks opposite to, and sloping 
towards, each other; and the tube, containing the mixture to 
be decomposed, which is of green glass, sealed ‘hermetically 
at one end, 14 or 15 inches long, and about the diameter of a 
small quill, is placed hor dontally over the wicks at a suitable 
distance, one end of the tube having been first bent by .a lamp 
into such a form, that its open extremity can be placed under 
ajar inverted in mercury. Or instead of operating with a 
tube of one piece, which renders it necessary to bend the open 
extremity, a shorter piece, properly bent, may be attached to’ 
the tube containing the materials, by a small collar of elastic: 
gum. This removes the liability to accident from stiffness in 
the end of the tube, and the containing tube, being straight, 
may be used repeatedly. The tube: is idettiduds: from ‘too 
sudden or: excessive heat, by being wrapped spirally round 
with copper-foil. The wicks nearest tothe mercurial trough 
may be first lighted, and the remainder in succession. as the 
former finish their ation. It is easy, as Mr. Co oper was so 
good as to show me, by altering: the distance o! ® - flames 
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from ‘the tube, and of the lamps from:each other; to modify 
the application of the ‘heat as the circumstances of the experi- 
ment may require, and if it be desirable to kindle only parti- 
cular wicks, this ‘may be effected by interposing slips of tin 
between thein and those which are next:to them. ©The alcohol, 
to prevent its too rapid combustion; Mr. Cooper dilutes with 
water to the sp. gr. of about .860.. : 
When nitrogen is present in the body to be dietipeed! it is 
apt to become sili ‘at-high temperatures by the oxide of 
copper. To obviate this as much as possible, Mr. Cooper 
has sometimes used protoxide instead of peroxide of copper ; 
and though even this, under some circumstances, imparts 
oxygen to the nitrogen, yet it is less apt to do so. The pro- 
toxide ‘is prepared by fusing the peroxide with copper ‘filings 
in excess, and pulverizing and sifting the mass which results::: 
* Another source of error, pointed out by Bischoff, \is that 
part of the carbonaceous matter, sometimes amounting to 
1-12th of the whole, escapes in the state of carbonic oxide; 
which, not being absorbed. by potassa, mingles. with the resi- 
duary nitrogen and increases its volume, while the carbon, by 
the diminished production of carbonic acid, 1s under-rated. 
If there: be. reason’ at: any time'to suspect) that this has 
happened, it will be easy to determine how much carbon exists 
in the residuary gas, by mixing a portion of it with:about half 
a volume of hydrogen and the’same quantity of oxygen, and 
detonating the mixture by an electvic:spark. By this combus- 
tion, the carbonic oxide will .be conv erted into carbonic acid. 
(Ann. of Phil. N. S. vili. $08.) = : 
' Those, who: prefer. employing the heat» of charecdl ‘ill 
find the description ofan apparatus, contrived by Dr. Ure 


for that purpose, in the Phil. Trans. for.i822, p..460. . From> 


experience, however, :of*the effects of the heat obtained. by 
the combustion of alcohol, it appeats to me fully ‘sufficient, 
with the advantage of being much more manageable than that 
of a charcoal divine! ee 

« The whole of the operations, connected with the vile 
seaabe of vegetable and animal substances, require consider-. 
able skill; and some practice in them is necessary to enable a 
person, who is even conversant in the general processes’ of 
. chemistry, to' obtain accurate results. A single experiment 
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should never be depended upon; but the analysis: of each 
substance should be several times repeated, and a mean taken 
of those which do not present any very striking disagreement, 
excluding those results which vary so much from the average, 
as to lead to.a suspicion of some failure in the manipulations. 
. It may sometimes: perhaps, on a first view, excite suspicion 
of the competency of these methods of ultimate analysis to 
afford accurate results, when we remark the very near coin- 
cidence not only with respect to the kind, but even to the 
proportions which have been thus deduced, “f the elements of 
substances, differing essentially as to their chemical and sen- 
‘sible properties. In the instances of gum, sugar, and starch, 
the differences of composition, discovered by the experiments 
of Gay Lussac and Thenard, are so extremely small, as not to 
indicate any difference either of the kind or the number of 
elementary atoms. Acetic and succinic acids, also, afford on 
analysis the same elements in the same proportions. The 
results, however, are not, in this or similar cases, to be pro- 
nounced, for that reason only, to be inaccurate; for it is pro- 
bable that in vegetable substances it is not only the number 
and kind of the respective atoms, but the mode of their arrange- 
ment, which occasions their distinctive characters. ‘This view 
of the subject is confirmed, when we observe the important 
changes in the properties of vegetable substances, and the 
convertibility of those, which appear so nearly allied into each 
other, by slight causes, such as alterations of temperature, of 
weak chemical agents, instances of which will be given in the 
sequel. 

From a review of their: experiments on the analysis of 
vegetable substances, Gay Lussac and ‘Thenard deduced the 
following general conclusions: 

J. A. vegetable substance is always acid, when the oxygen, 
which it contains, is to the hydrogen, in a proportion hen 
than is necessary to compose water. 

II. A vegetable substance is always resinous, or oily, or 
alcoholic, &c. when the oxygen, contained in it, is to the 
hydrogen, in a less proportion than in water. shag biveast 

III. A vegetable substance is neither acid nor resinous, but 
in a state analogous to sugar, gum, starch, lignin, &&c. when- 
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ever oxygen and hydrogen enter into ee the 
same, proportions.as In ‘water. | ; 

Without supposing then, that oxigen nnd hydrogen, sini, 
as water, in vegetables, we may, for the sake of illustration, 
consider vegetable acids, as constituted of carbon, water, and- 
oxygen ;—the resins, alcohol, ether, &c. as composed of 
carbon, water, and hydrogen ;—and bodies of the third class, 
as composed of carbon and water only. It should not, how- 
ever,. be omitted that some exceptions. to the, generality of 
these principles have been pointed out by Saussure,* and by 
Mr. Daniell. 

The products of the vegetable economy are eat Tae | 
in particular organs or vessels,.or are distributed throughout 
the whole plant. Sometimes they reside in the root or stalk ; 
at others in the bark or leaves; at others they are peculiar to 
the fruit, the flowers, the seeds, or even to particular parts 
of these organs. . When thus insulated, they may readily be 
procured in a separate state; and, in several instances, nothing 
more is required than the labour of collecting them. .Thus 
gum exudes from some trees, and manna issues. from the 
branches of others. Sometimes, however, we are presented 
with a variety of substances mingled. together, and requiring 
separation by processes which, are sufficiently simple, and 
which consist in repose, filtration, pressure, washing, distilla- 
tion at a gentle heat, solution by water and. alcohol, and 
similar operations, that do not alter the nature of the bodies 
submitted to them. ) 

The number of: principles, which have thus been extracted 
from vegetables, has of late years been greatly enlarged, 
and amounts at present to upwards of forty. Of these, 
the greater part are certainly entitled, by a train of pro- 
perties sufficiently characteristic, to rank as distinct com- 
pounds. But others seem to be so nearly allied to substances, 
with which we have long been acquainted, that it can serve 
no useful purpose to assign to them a different place in the 
system. ‘The-unnecessary multiplication, indeed, of vegetable 
principles contributes rather to retard than to advance the 


© Thomson's Aniials, vi.431, ©} Quarterly Journ, vi. 326. 
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progress of this difficult part of chemistry; and-itis‘only in 
cases of decided and unequivocal differences of qualities, that 
we should proceed. to the establishment of new species, \ 


ener eT TON T: 
sy) Megetable Extract, or Extractive. 


” Tue term Vegetable Extract is not to be understood in the 
‘sense which is generally annexed to it, especially in pharmacy, 
as comprehending all those parts of vegetables which may be 
dissolved in water, and obtained in a oid form by evaporating 
_ the solution; but is now limited to a distinct and peculiar 
substance. This substance may be obtained for the exempli- 
fication of its properties, by evaporating, at a temperature 
below 212°, an infusion of saffron, prepared with boiling 
distilled water. Extract, thus procured, has the following 
properties: 
1. It is cohesive, of a brownish colour, and generally of a 
bitterish taste; but this varies with the plant, from which it 
has been obtained. 

2. It is soluble in cold water, but more copiously i in hot; 
and the solution is alway ys coloured. Hence the decoctions 
of certain substances (Peruvian bark for example) become 
turbid on cooling. The solution, exposed for a long time to 
the air, acquires a mouldy pellicle, and undergoes a sort of 
putrefaction. 

3. When a solution of extract is s slowly evaporated, it 
affords a semi-transparent mass ; but rapid evaporation renders 
it perfectly opaque. By repeated solutions in water, and eva- 
porations, it acquires a deeper colour, and loses its property 
of being soluble in water, apparently in consequence of ab- 

seen oxygen from the air. 

A Fxtract, exposed to the atmosphere, slowly. imbibes 
Bea or is imperfectly deliquescent. 

5. It is ‘soluble in weak alcohol and in liquid wane! but 
sie in pure alcohol, in ether, nor in acids, which last even 
precipitate it from its solution in water. 

6. When concentrated sulphuric acid is added, the patie 
of vinegar is perceivable. 


SECT) 1. © VEGETABLE EXTRACT ” 4189 


«7. Water impregnated with chlorine; when poured into a 
solution ‘of extract, precipitates a dark yellow powder, which 
is no longer soluble in water, but dissolves in hot alcohol. 

8. Extract has an affinity for alumina. When the sulphate 
or muriate of alumina is poured into one of extract, a preci- 
pitate appears, especially if the mixture be boiled. “When 
linen or woollen thread, previously impregnated with a solu- 
tion of alum, with muriate of tin, or with chlorine, is boiled 
with a solution of extract, the thread is dyed a fawn colour, 
and the extract disappears in great part from the liquor. 

9. Muriate of tin, and several other metallic salts, also pre- 
cipitate extract from its watery solution, their oxides forming 
with it insoluble compounds. 

10. Extract is not precipitated by a solution of tan. 

These are the properties of. extract, in the purest form 
under which we have yet procured it. As commonly ob- 
tained, however, it is combined with one or more, and fre- 
quently with a great number of other principles. -In the sap 
of plants, it exists along with mucilage, gallic acid,’ tan, 
acetate of potassa, and ornee neutral salts. Of the substance 
called catechu, it forms, according to the experiments of Sir 
H. Davy, a considerable proportion ;. and not being easily 
dissolved by cold water, may be obtained by washing off the 
more soluble parts. ‘The infusions, also, of most deoviable 
substances which are used in medicine, such as senna- Tmaven 
Peruvian bark, &c. hold extract’ in solution united with other 
principles. 

From a series of experiments on this subject, Dr. Bostock 
is disposed to doubt whether there be any distinct principle, 
to which the title of extract or extractive can with propriety 
be given; and this doubt, for which there appears to be great 
reason, is entertained, also, by Br aconnot, who finds that the 
re-agents, pointed out as tests of extract, act also upon tan. 
The processes, also, for separating extract from the other 
parts of vegetable infusions, appear to him to be founded 
upon incorrect assumptions.* He has not, however, exa- 
mined the extract from saffron; + but it has been the subject 
‘of a series of experiments by Bouillon la Grange and Vogel, 


 * Thomson’s Annals, xii, $4... + See Nicholson’s Journal, xxiv, 204. 
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who, considering it as a, distinct principle, have givén it the 
name of polychroite, on account of the many different -colours 
which it is capable of assuming. » Thus. its natural: colour is 
yellow; and its aqueous solution is deprived of colour by 
exposure to the sun’s: rays. Sulphuric acid dropped into the 
aqueous solution causes a deep indigo blue colour; nitric acid 
a green one; and chlorine renders it colourless.* It may, 
however, be ‘doubted whether these changes are not produced 
in’ some substance accompanying the extract, rather than in 
the extractive matter itself; and till. this is decided, the ex- 
tract of saffron may retain the name which has been heretofore 


- 


assigned to its. 


SECTION II. - 


Mucilage, or Gums 2) 000 804 gous 

Tuts substance, termed mucilage when fluid, is, in.a solid 
state, generally known by the name. of gum, . Gum arabic 
may be taken.as an example. It.appears, howeyer, from Dr, 
Bostock’s experiments, that there is a considerable variety in 
the chemical properties of different gums and mucilages. 
1, Gum is dry, brittle, and insipid, and undergoes no 
change by exposure to the atmosphere, except that the action 
of light destroys the yellow colour, which it frequently ex- 
hibits. Its specific gravity varies from 1.300 to 1.490, water 


being 1. 


2. It is readily soluble in water, and forms a re, solution, 
which may be kept a long time without undergoing any 
change; but finally becomes sour, and exhales an odour, of 

acetic acid. 

3. It is insoluble in alcohol and in ether, the former of 
which precipitates it from water, in opake white flakes, , 

4, It-is separated from water, in a thick curdy form, by: 
sub-acetate of lead; and is thrown down by the red sulphate 
of iron, in the state of a brown semi-transparent jelly. Several, 
other salts, also, have a similar. effect. According to Dr. 
Thomson’s experiments, the salts, containing mercury and 


* Ann. de Chim, Ixxx. 188, 
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iron at the maximum of oxidation, are the most efficient: in 
precipitating gum. ‘The oxides of copper, antimony, and 
bismuth, are, also, acted upon by it; for it prevents water 
from precipitating them from their solutions in acids, 'in the 
state of sub-salts. The effects of re-agents on a solution: of 
gum have been investigated by) Dr. Bostock; * and have béen 
found to vary considerably in: the different species of gum 
for example, in gum arabic, cherry-tree gum, and linseed 
mucilage, 

Berzelius has examined the compound of gum arabic with 
oxide of lead, to which he has given the improper name of 
_gummate of lead. He finds it to consist of 


~ ROUEN coer ets ne 61.75 eeoese 100; 
Oxide of lead .... 38.25 .....+ © 62.105 ti 


100. Lav | 9 

5. Gum is soluble in pure alkalis, and. in lime-water, and 
is precipitated unchanged by acids, Of the earths, silica 
seems to have the strongest affinity for it; a solution of sili- 
cated alkali Aeoaundace a very dilute solution of gum. 
(Thomson.) Dr. Duncan, jun., however, informs me, bee 
this precipitate is produced only by solutions of the lighter 
coloured specimens of gum, which have different properties 
from those of darker colour. The precipitation, when it does 
occur, Dr. Bostock suspects to take place, only in consequence 
of the lime which gum contains. Hence oxalic acid, also, 
produces a precipitate from the solution of § gum arabic. 

6. Diluted acids dissolve gum unchanged, and the concen- 
trated ones decompose it. Strong sulphuric acid converts it 
into water, acetous acid, and Lore the last of which 
amounts to rather more than one-fourth the weight of the 
gum, and exhibits slight traces of artificial tan. Nitric acid 
dissolves gum with a “disengagement of. nitrous gas; and the 
solution, on cooling, deposits a little saccholactic or mucic 
acid.’ The production of mucic acid by the action of nitric 
acid appears to be the characteristic property of mucilage; 
and Vauquelin even obtained this acid from the ritictldted of 


* See Nicholson’s Journal, xviii. 28. + 95 Ann. de Chim. 77. 
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linseed. ‘Some malic acid is also formed; and by continuing 
the: heat, the gum is changed by the nitric acid into oxalic 
acid, which amounts to nearly one-half the weight of the gum. 
Chlorine, transmitted through a solution of gum, changes it 
into citric acid.) (Vauquelin. Ann. de Chim. vi. 178.) 

07. Gum and ‘sugar readily. combine; and, by gentle eva- 
poration of their mixed solutions, a transparent substance is 
obtained. From this, alcohol separates’ a part of the sugar, 
but the remainder continues in combination, and forms a sub- 
stance beatmbling that of which the nests nS wasps are com- 


} 


posed. 
8. Gag, when submitted to destructive emRuINY ina 


now CS to cs aay the acetic, holding in solution 
a portion of essential oil, and some ammonia, which last is dis- 
engaged on adding lime. Carbureted hydrogen and carbonic 
acid gases are also. evolved; and in the retort there remains 
char Neos mixed with lime and phosphate of lime. ) 
9. By incinerating J]00 parts of gum, Vauquelin eitiheet 
three parts of white ashes, consisting chiefly of carbonate 
of lime, but containing also some phosphate of lime and 


X 


iron. 

Respecting the varieties of vegetable mucilage, which appear 
to be pretty numerous and at marked, much valuable infor- 
mation may be obtained from the paper of Dr. Bostock, which 
has been already referred to. Cherry-tree gum, tragacanth, 
and some. cther varieties, have been considered as forming a 
distinct vegetable substance, to which the name of cerasin hat 
been given. It imbibes water, and swells very considerably 
in bulk, but is not at all soluble except in boiling water, from 
which it again separates on cooling in the state of a jelly. 
With nitric acid it yields abundance of mucic, malic, and 
oxalic acids; and the pyromucous acid obtained by its distilla- 
tion gives much more ammonia than that from gum arabic. 
It appears then to contain more azote, and perhaps less oxyeae 
and Jess carbon than gum arabic. 

Gum arabic, aralnactat by Gay Lussac and 'T henard, after- 
wards by Berzelius, and recently by Dr. Ure, has been found 
to consist of 


ren 
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Carbon e erty | ee Pah e 42,23 e vit 41.906 fa ee Py $5.25 
Oxygen .........- 50.84 2... 51.306 .... 58.90 
Hydrogen °).).-sisiseie) (6.93 ee. 6.788 Soe. ORB 


a mre 


100.* 100.+ 100.¢ 


Saussure, in addition to these three elements, found also a 
minute quantity of nitrogen. ‘rom gum arabic and gum tra- 
gacanth, he obtained 

Carbon .......ce08+ 45.84 
Oxygen ......cs0005 48.26 
Hydrogen’. 00.0... 0.0) 5:46 
AZOLE oerereVveeceee Ott 


ens 


100.§ 


The atomic constitution of gum has been investigated in 
two different ways. On the supposition that the gummate of 
lead is composed of two atoms of oxide of lead and one of gum, 
which Dr. Thomson thinks most probable, the atomic consti- 
tution of gum will be as follows: 


Carbon. ... « 00 6 AtOMs 00.2536) sie 40; 
Oxygen . 2.20.6 ditto, 9... 48: os 58.34 
Hydrogen.... 6 ditto .... 6.4... 6.66 


—— 


90 100. 


If the determination of Dr. Ure, founded on its ultimate 
analysis, be correct, the constitution of gum should be 


Carbon ...... 4 atoms .... 24 .... 35.294 
Oxygen.....4 5 ditto .... 40%.... 58.823 
Hydrogen’..'s. 4 ditto’ .i..04) 0... 6,883 


68 100. 


In the first case, which agrees most nearly with the results 
of its ultimate analysis by Berzelius, the weight of the atom of 
gum would be 90; in the second 68. But as Dr. Ure ac- 
knowledges that the gum, which he submitted to experiment, 
had*not been artificially dried, and, therefore, contained hy- 


* Gay Lussac and Thenard. + Berzelius. 
{ Phil. Trans. 1822, p. 468. § Thomson’s Annals, vi. 431, 
VOL. II. %) 
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grometric moisture, it is. probable that. the statement of its 
constitution is most correct, which is founded on those ana- 
lyses that assign the larger proportion of charcoal. The 
nitrogen found by Saussure, not being present in any propor- 
tion amounting to an atom, may be regarded as probably 
accidental. ‘To determine this point, however, the quantity 
of ammonia should be ascertained, which passes over in com- 
bination with acetic acid, when gum is submitted to destructive 
distillation ; and in any fresh analysis of gum, by combustion 
with chlorate of potassa or peroxide of copper, it will be 
desirable to examine the gaseous products with an especial 
view to the presence of nitrogen, 


AR sea 
SECTION III. 
Vegetable Jelly. 


VEGETABLE jelly may be obtained from the recently ex- 
pressed juices of certain fruits, such as the currant and goose- 


berry. When the expressed juice of these fruits is gently - 


evaporated, aud then allowed to remain, for some time, in a 


state of rest, it partly coagulates into a tremulous soft sub- 


stance, well known by the name of jelly. ‘The coagulum, 
washed with a very small quantity of water, is jelly ea in 
a state of purity. 

Vegetable jelly, unless when tinged by the fruit from ‘which 
it oa been obtained, is nearly colourless; has a pleasant taste, 
and a tremulous consistency. It is soluble in cold water; but 
more copiously in hot, and the solution, if strong enough, 
again gelatinates on cooling. By long boiling it loses this 
last property, and is changed into a substance analogous to 
mucilage; hence the necessity, in preparing jelly -from cur- 
rants and other fruits, of not continuing the boiling too long, 
for this renders it viscid, and prevents it from coagulating. 
When dried, jelly is transparent. It combines readily with 
alkalis. Nitric acid converts it into oxalic acid, without dis- 


engaging any azotic gas. Its solution in water is precipitated by. 
‘ infusion of gails, 


It is not improbable that jelly is nothing more than gum 


Pee eee 
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combined with vegetable acid; for when the coagulated jelly 
of acid fruits is placed on a sieve, an acid liquid passes through, 
leaving a tremulous mass, which dries into a hard transparent 
substance, resembling gum, and having most of its properties, 
The ultimate analysis of jelly has not been attempted. 


ae 
SECTION Iv. 
Sugar and Oxalic Acid. 
Art. 1.—Sugar. 


Atmos? all the sugar, which is applied to the common 
purposes of life, is derived froma plant, the growth of hot 
climates, called Arundo Saccharifera. This plant produces 
strong canes, inclosing a soft pithy substance, which yield, by 
the compression of powerful machinery, a large proportion of 
sweet juice. ‘The juice is evaporated in copper vessels, with 
the addition of a small quantity of slaked lime, the use of 
which appears to consist in its neutralizing a quantity of 
uncombined acid, that would be unfavourable to the crystal- 
lization of the sugar. A minute portion of lime remains in 
raw sugar, and according to Mr. Daniell, causes it to assume 
the clamminess, and soft feel which characterize what is called 
‘weak sugar. It appears desirable, therefore, to avoid using an 
excess of lime. During the evaporation of the cane juice, 
a thick scum is formed, which is continually removed. ‘The 
juice passes successively from larger to smaller boilers, till at 
length, in the last of these, 1t becomes thick and_ tenacious. 
When this happens, it is emptied into shallow wooden coolers, 
where the syrup forms a mass of small irregular erystals, 
enveloped in a treacly fluid The whole mass is drained in 
hogsheads, in the bottoms of which holes are bored. The 
fluid, which separates, is called melasses or treacle ; and the 
dried crystals are exported to this country under the name of 
raw or muscovado sugar. A gallon of juice yields on an average 
about a pound of raw sugar. 

The subsequent process which sugar undergoes, with the 


view of bringing it to the white and beautiful form of refined’ 


02 


-— 


eae 


196 VEGETABLE SUBSTANCES. CHAP. X. 


or loaf-sugar, consists in its being re-dissolved in lime water, 
and in being boiled with a quantity of some coagulable sub- 
stance, such as the whites of eggs or bullocks’ blood. The 
proportions used are generally one part of fluid to three of 
sugar, and of this solution about fifty gallons, called a skzp- 
ping, are put into a copper pan capable of holding about nine 
times that quantity. ‘The pan, therefore, being covered only 
a few inches from the bottom, is in little danger of boiling 
over; and the higher the temperature, within certain limits, 
the less is the risk of this accident, because the highly expan- 
sive steam bursts the bubbles as soon as formed. A solution 
of this kind boils rapidly at 230° Fahr.; and from this to 240° 
is the due temperature. Ifa solution of sugar be farther con- 
centrated by the evaporation of the water, the thermometer 
rises to 340°. ‘The sugar then begins to turn black, and at 
870° it takes fire on applying flame to its vapour, and burns 
strongly, leaving a residuum of charcoal. 

The clarifying substances, added to the heated syrup, coagu« 
late into a thick scum, which rises to the surface, carrying 
along with it the principal part of the impurities of the sugar. 
After being evaporated to a due consistence, the syrup is let 
out into large conical earthen pots, with a hole at the apex of 
the cone, and each supported by an earthen jar.. When the 
syrup has concreted into a solid mass, the plug is removed 
from the point of the cone, to allow the adhering liquid to 
drain off; and a mixture of pipe-clay and water is poured 
on the surface of the mould, and suffered to continue there 
four or fivedays. The moisture from this, slowly descending 
through the sugar, carries with it the remains of the darker 
coloured syrup; and the whole loaf, after being dried in a 
stove, is obtained of the proper degree of whiteness. : 

Besides the juice of the cane, sugar may be extracted, also, 
from several other vegetables. The juice, which flows spon- 
taneously from incisions made in the American maple-tree, 
affords a quantity sufficient to render the process worth follow- 
ing. Ripe fruits contain sugar in considerable quantity, and 
by long keeping after they have been dried, it appears, in a 
granular state, on their surface. ‘The juice of the potatoe, the 
carrot, and still more remarkably of the beet (beta vulgaris, 
Linn.) yield a considerable proportion of sugar. ‘To obtain it 


« 
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from the latter vegetable, the roots, softened in water, are to 
be sliced, and the juice expressed. It is then to be boiled 
down with the addition of a little lime till about two-thirds 
remain, and afterwards strained. ‘These boilings and strain- 
ings are repeated alternately, till the liquid attains the con- 
sistence of syrup, when it is left to cool. The sugar thus 
extracted, retains somewhat of the taste of the root; but it 
may be purified by the operation already described as used for 
the refining of West India sugar, and it then loses its peculiar 
flavour. ‘The quantity obtained varies considerably ; but in 
_ general it may be stated at between four and five pounds from 
100 pounds of the beet root, beside a proportion of uncrystal- 
lizable syrup. In Germany, the expense has been calculated 
at about three pence per pound; but this estimate is probably 
under-rated.* 

From the experiments of Proust,} it appears that a coarse 
sugar may be procured from grapes (of which many thousand 
tons are annually wasted in Spain), at the expense of about 
eight pence per pound; or, under favourable circumstances, 
even for five pence. In apples and pears, in the juice of 
liquorice, and in some other vegetable juices, sugar exists, but 
in a state of combination, which renders it essentially liquid, 
and prevents it from assuming a crystallized form. ‘The sugar 
of grapes is not so white as cane sugar, but crystallizes more 
easily. Grape sugar has been analysed by Saussure, and found. 
to contain very nearly the same proportions of ingredients as 
starch sugar, stated under the article fecula.t These two 
kinds of sugar agree, indeed, so closely as to their properties, 
that they probably constitute one species. Sugar from the 
cane and from beet differs from these, and from all other kinds 
of sugar, by containing a greater proportion of carbon.§ 

Sugar is produced in the process of malting, which consists 
in the conversion of starch into sugar, and starch, it will after- 
wards appear, may be converted into sugar by the action of. 
sulphuric acid. Linen, also, by the successive action, first of 
concentrated sulphuric acid at common temperatures for 24 


* See Chaptal on the manufacture of sugar in France, Phil. Mag. xlvii. 331, 
t+ Nicholson’s Journal, xxi. 356. } See Sect. ix, enfra, 
§ Thomson’s Annals, vi. 428, 
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hours, and then with the addition of water and a boiling heat 
supported for ten hours more, is finally converted into sugar, 
_ exceeding the original weight of the linen by about one- 
seventh. If the process be litnited to the action of the strong 
acid, gum and not sugar is produced. (Braconnot, Ann. de 
Ch. et de Phys. xii. 182.) | 

Beside pure sugar, there are other saccharine substances, 
that bear a considerable resemblance to it. Munna is the 
inspissated juice which flows spontaneously from incisions in 
the bark of a species of ash (the fraxinus ornus). Sugar has 
been discovered, also, by Fourcroy and Vauquelin, to enter 
largely into the composition of the juice obtained by pressure 
from the onion. Besides sugar, the juice of onions appears, 
also, to contain a portion of mucilage and extract, to which 
its taste and other peculiar properties are owing. 

The same may, perhaps, be said of honey. When treated 
with nitric acid it was found, however, by Mr. Cruickshank, 
to give very little less oxalic acid, than was obtained from an 
equal weight of pure sugar. Proust has considered honey 
itself as of two distinct species. Common yellow honey is of 
an uniform consistence and viscid; but, besides this, there is 
a granulated white kind, which has a tendency to become 
solid. Krom the latter he obtained by alcohol a white saccha- 
rine powder, which he considers as agreeing more nearly with 
the sugar of the grape than with common sugar.. 

The following are the properties of sugar: : 

1. Sugar is benfoetly white, and when crystallized somewhat 
transparent. It is hard and brittle. When two pieces are 
rubbed strongly against each other in the dark, a visible phos- 
phorescence takes place. Its specific gravity, according to 
Hassenfrat%, is 1.4045, according to Thomson 1.5629, but it 
is probably variable. 

2. Pure sugar undergoes no change by exposure to the air, 
except that from a damp atmosphere it attracts a little moisture. 
Raw sugar, as is well known, is extremely deliquescent. 

3. Sugar is soluble in an equal weight of cold water, and 


almost to an unlimited amount in hot-water. The latter solu- 


tion affords a liquid called syrup ; from which, by long repose 
In a stove or warm room, transparent crystals of sugar sepa- 
rate, called. vibes sugar. ‘Their form is that of prisms with 
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four or six sides, bevelled at each extremity, or sometimes 
accuminated by three planes. ‘They are composed, according 
to Berzelius, of | | 


Sugar TOME « oc tle cae re upes 106. 
GEER yur, ete Coe Wik ler po cesbend de 5.6 


i SY oe 


105.6 


4. Alcohol dissolves, when heated, about one-fourth its 
weight of sugar. The solution, by keeping, deposits. large 
crystals of sugar. 

5. Lime-water renders sugar more soluble; and recipro- 
cally, sugar increases the solubility of lime. The liquid com- 
pound of sugar and lime is still sweet, but mixed with some 
astringency. Alcohol precipitates white flakes, which appear 
to be composed of sugar and lime. 

Alkalis unite with sugar, and destroy its taste. It may be 
recovered, however, unchanged, by adding sulphuric acid, 
and precipitating ‘the alkaline sulphate by alcohol, which 
retains the sugar in solution. Sugar unites, also, with the 
alkaline earths; and is acted on by baryta so strongly, that it 
appears to undergo a-kind of decomposition, and the baryta 
is immediately carbonated. Strontia acts in much the same 
manner as lime. ; | 

6. Sulphuric and muriatic acids act when concentrated upon 
sugar; charcoal is separated; much of the sugar destroyed ; 
and what remains is rendered incapable of crystallizing. 
Nitric acid converts it, as will presently appear, into oxalic 
acid; and chlorine changes it into malic acid. Oxalie, acetic, 
and tartaric acid, prevent it from forming good crystals. 

7. Sugar has the property of rendering oils miscible with 
water. . ie 

8. The sulphurets, hydro-sulphurets, and phosphurets, 
appear to have the property of converting sugar into a sub- 
stance not unlike gum.* 

9. Sugar has the property of decomposing several of the 
metallic salts, when boiled with their solutions. Sometimes it 
reduces the oxide to a metallic state, as in sulphate of copper. 


* Thomson’s Chemistry, ive 214, 
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In other instances, as in the acetate of the same metal, it 
merely reduces the oxide to an inferior degree of oxidation.* 
With oxide of lead, it forms an insoluble compound, called 
improperly, by Berzelius, saccharate of lead, + which consists of 


Napa ihy oe Mein ohne eye tbab Ia olson go 41.74 
xaie of lead .. cece sicd oe cane nt DO@e 


100. 


10. Sugar is converted, by destructive distillation, into 
water, acetic acid, carbureted hydrogen, carbonic acid gas,’ 
-and charcoal; and a littie oil, with a large proportion of 
pyromucous acid, amounting to more than half the weight of 
the sugar, are also formed. No ammonia can be detected in 
the liquid products. According to Lavoisier, sugar is com- 
posed of 64 oxygen, 28 carbon, and 8 hydrogen: Gay Lussac, 
Thenard, and Berzelius, have analyzed it by combustion with 
chlorate of potassa, and Dr. Prout and Dr. Ure by distillation 
with peroxide of copper. The following are the results of its 
analysis by different chemists: : 

Carbon...... 42.47... 44.200 .. 39.99 .. 43.88 .. 418. 


Gxeveny' 2). os BOGS AO01S 2. S88S Ve S008. TL F 
Hydrogen....'6.90'.. 6.785 .. 6.66 J. 6.29... 6.5 


cern oer m— 


100.t 100.8 100. || 100,** 100.TT 
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Or of carbon .. 42.47 

Oxygen and) 
hydrogen, in | 
thesamepro- > 57.53 
portion as in | 
WVALCE Ole a cy 


100. 


On comparing the results of the analysis of sugar by dif- 
ferent persons, the principal deviation appears to exist in 
those of Dr. Prout, which indicate less charcoal and more — 


* Vogel in Thomson’s Annals, vii. 42. t 95 Ann. de Chim. 53. 
t Gay Lussac. § Berzelius. || Prout. “Ure.” 
7+ Crum, Ann, of Phil, N.S. v. 89. n. ~ é 
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oxygen than the rest. If reduced to atomic proportions, his 
experiments (respecting which some details are given in the 
Annals of Philosophy, N.S. iv.) point out the following as 
the composition of sugar. | 


Charcoal...... 5 atoms .... 30 .... 40.00 
ORV BENE So. 055 5) BP GMtO 6 fe 40% 004 B88 4 
Riydrogerr ss (5 Gut oi o4.") Bises 4a, S566 


——s 


75 100. 


‘The atomic proportions, approaching most nearly to the 
other results, are 


Charcoal...... 6 atoms .... 36 .... 44.44 
Oxygen ...... 5 ditto .... 40 .... 49.38 
Blydrogen) 5 0:5 GUO . /-islecas Diente: 0-28 


$1 _ 100. 


If deduced from the compound of sugar with oxide of lead, 
on the supposition that this compound consists of an atom of 
each ingredient, the constitution of sugar will agree precisely 
with the latter statement, a coincidence ae, strengthens 
the probability that it consists of 6 atoms of ctuneadh 5 of 
oxygen, and 5 of hydrogen, and that 81 is its true repre- 
sentative number. 


ART. 2.—Oxalic Acid. 


Sugar is acidified by distillation with nitric acid. To six 
ounces of nitric acid, of sp. gr. from 1.46 to 1.5, contained in 
a stoppered retort, to which a large receiver is luted, add, by 
degrees, one ounce of refined sugar, coarsely powdered. A 
gentle heat may be applied during the solution. Nitrous gas 
will be disengaged in great abundance. When the whole of 
the sugar is dissolved, distil off a part of the acid, ‘The 
remaining liquor, which has a syrupy consistence, poured. 
into a shallow glass or porcelain vessel, will form, after cooling, 
and sufficient repose, regular crystals, amounting to 58 parts 
from 100 of sugar. ‘These must be again dissolved in water 
and re-crystallized; and then laid on blotting paper to dry. 

Oxalic acid may be produced, also, by a similar treatment 
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of gum, and of various other vegetables, and even of several 
animal products,: such as silk, wool, &c. | 
_. The crystals of oxalic acid have the following chatactete : 

1. Their primary form is an oblique 
rhombic prism. ‘There are distinct cleav- ; 
ages parallel to the planes m and m’, but i" = 
I have not observed any other. The crys- Pe 
tals are usually attached by one of the 
lateral ends of the figure, in consequence 
of which the planes pP, a, and c, appear like 
lateral planes of a prism, and mM, mM”, as 
its dihedral termination. 

Fig. 1. exhibits the common form of the 
crystals; and fig. 2. a modified form which 
sometimes occurs, and not unfrequently 
with only one of the planes e apparent at 
the lateral extremity, the other not being 
visible. 

P.on M, of M’i.45.4) 98° 807 
MOMS wiveeseeas GB» 16 
POn@iny dkive tevas 2189 (080 
Pion owe avira lO ¢ 15 
Pone, ore  ...... 107 00 


2. They have a strong acid taste, and act péwarhilly on 
vegetable blue colours. an grain, dissolved in 3600 grains 
of water, reddens the colour of. litmus paper. 

3. They dissolve in water at 62°; affording a liquid of spe- 
cific pravity 1.0314, which contains only 6 per cent. of crys- 
tallized acid. ‘The crystals are taken up by an equal weight 
of hot water. They are soluble, also, in half their weight of 
boiling alcohol; and, though sparingly, in ether. 

4, Oxalic acid is a most virulent poison, and has frequently 
proved fatal, when taken by mistake for Epsom salt. From 
that salt, however, it may readily be distinguished, though not 
from other acids, by carefully tasting it in the smallest quane 
tity sufficient for the purpose, when its sourness will be dis- 
tinctly perceived. Or, without tasting it, if a few drops of 
water be placed on a slip of the dark blue paper which is com- 
monly wrapped round sugar loaves, and a small quantity of 
any substance suspected to be oxalic acid be added, that acid 
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will be discovered by its changing the colour of the paper to a 
reddish brown. The solution also of a small quantity of 
oxalic acid in a tea-spoonful of water, will effervesce with a 
little scraped chalk or common whiting; but wry es of these 
effects is produced by Epsom salt. | 

§. The crystals of oxalic acid effloresce in the air, and 
become covered with a white powder. | 

6. A red heat entirely decomposes them, and leaves only 
charcoal. During distillation, a considerable quantity of 
inflammable gas is obtained; and a portion of the acid is 
sublimed, unaltered, into the neck of the retort. 

7. They slowly absorb chlorine, and are converted into a 
white substance having a saline appearance, which, when water 
is added, is changed into muriatic and carbonic acids, (Ann. 
de Ch. et Ph. xix. 84.) 

8. Oxalic acid is decomposed both by the oxides and chlo- 
ride of gold, and in the former case with a disengagement of 
carbonic acid, (Ann. de Ch. et Ph. xv. 125.) Peroxide of 
manganese, also, decomposes it, with an escape of carbonic 
acid. . 

9. The crystals of oxalic acid, when exposed to heat, swell 
and abandon a considerable quantity of water. Not more 
than 28 parts of water, however, can be thus detached from 
100 of the crystals, without decomposing the acid. But by 
combining the acid with ‘oxide of lead, Berzelius found that 
the whole of its water might then be expelled by heat, and 
concluded that the crystals consist of 58 real acid, and 42 
water, approaching nearly to 1 atom of acid and 3 of water. 
Dr. Thomson, from his own experiments (First Principles, ii. 
103.), is'led to consider them as composed of equal weights of 
water and anhydrous acid, or of © 


1 stom Oh sere sly See. O86 
4.atoms of water ......s... 36 


72 


The analysis of oxalic acid by combustion with chlorate of 
potassa was performed by Gay Lussac and ‘Thenard,* and 


* Recherches, vol, ii. 
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with peroxide of copper by Berzelius* and Dr. Ure.- The 
following table exhibits their different results; those of Gay 
Lussac and Thenard being corrected in the second column to 
exclude the water, which appears to have entered into the 
oxalate of lime emploved in their experiment, in such propor- 
tion as to have been equal to one-fifth of its acid ingredient. 


: CAE DON Wels cic LO056Giads 6. BDO BLL. wane DOLLS eae SOOd 
| Mxygen 4... 70.689 1... 66.290 ...... 66.534 .... 66.66 
Aiydrogen™, . 2.745 .... 0.493 0.22, 0.244 


| 100.t 100.§ 100.|| 100.** 


The quantity of hydrogen in oxalic acid, deprived of water 
by combination with oxide of lead, is so extremely small, as 
not.to amount to any atomic proportion. Dobereiner, indeed, 
appears to have been the first to suggest, about the year. 1815, 
that hydrogen is not an element. of anhydrous oxalic acid, 
but that it is constituted of carbon and oxygen only; and he 
has added fresh evidence in favour of this view of its nature, 
in a short paper published in the Ann. de Chim. et de Phys. 
xix. 83. Dr. Thomson, also, by a careful analysis of the 
crystals, with peroxide of copper, finds, after making proper 
deduction for the water of crystallization, that the anhydrous 
acid consists of : | 


Carbon’ ....sis ie Atoms... sud? teara 28,34 
PROT be eal e POPUL | tien, Ode ie oie MOOD 


36 100. 


Or it may be regarded as constituted of 


Carbonic acid ...........- latem = 22 
Carbonic oxide .........e. 1 ditto = 14 


36 
Owalate of potassa forms flat oblique four-sided prisms, ter- 


-minated by dihedral summits, the lateral edges of the prism 
being usually bevelled. Its taste is cooling and bitter. At 


* 81 Ann. de Ch., and Thomson’s Annals, iv. 232, v. 97, and ix. 33. 
+ Phil. Trans. 1822. t} Gay Lussac and Thenard. 

§ Ditto, corrected. || Berzelius, Ann, of Phil. v. 99. 
** Ure, Phil, Trans, 1822, 480, 
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60° Fahrenheit, it requires about twice its weight of water for 
solution. It is constituted of 1 atom of acid, 1 atom of base, 
and 1 atom of water. There is, also, a salt formed of the 
same base and acid, but with a considerable excess of acid, 
called super-oxalate or binoxalate of potassa. It forms small 
white parallelopipeds or: rhomboids approaching to cubes. 
It has a pungent acid taste mixed with some bitterness. It 
requires for solution ten times its weight of water at 60°, and 
a still larger proportion of boiling water. It may either be 
formed arifGially, or obtained rh the juice of the oxalis 
acetosella, or of the rumex acetosa. When procured in the 
latter mode, it is sold under the name of salt of sorrel, or 
essential salt of lemons. ‘The acid, which it contains, is double 
that in the oxalate ; or, if we suppose 100 parts of potassa, 
and denote the quantity necessary to convert it into oxalate 
by x, then 2x will convert it into binoxalate. Its consti- 
tuents are, 
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Quadroxalate of potassa may be composed in several me- 
thods.* It was formed by Dr. Wollaston, by digesting the 
binoxalate in a due proportion of nitric or muriatic acid. One 
half of the alkali unites with the mineral acid, and the other 
half remains combined with the oxalic acid. The salt forms 
beautiful crystals, which may be obtained pure by solution 
and a second crystallization. . These are constituted of 


4 atoms oxalic acid ...ecsecececve 144 
1 atOM POtassa cevecevecsecsesess 48 
f LRLODIS WALOD ews iF okies S's 6 okie OS 


255 
If three parts by weight of the quadroxalate be decomposed 
by burning, and the alkali, which is thus disengaged, be mixed 
with a solution of one part of the crystallized salt, the latter is 
exactly neutralized. Hence the quadroxalate contains four 


* See Berard, 73 Ann. de Chim. 271, 
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times the acid that exists in the oxalate. The analysis of this 
class of salts, from which Dr. Wollaston (in the Phil. Trans. 
for 1808) drew a striking exemplification of the law of simple 
multiples discovered by “Mr. Dalton, may be recapitulated as 


follows : ; 
Atom Atoms Equivalent 
of base. of acid, Acid. number. 


The a pe consists of 1 + 1....48 + 36 = 84 
The binoxalate...... 1 + 2 ....48 + 72 120 
The quadroxalate.,.. 1 + 4 ....48 + 144 = 192 


Estimating, therefore, from the weights of their atoms, 100 
of potassa should be united, in the oxalate, with 75 of acid; 
in the binoxalate, with 150; and in the quadroxalate with 
300. 

Oxalate of soda readily crystallizes, and has a taste nearly 
resembling that of oxalate of potassa. When heated, it falls 
to powder, and loses the whole of its water, which is in less 
than atomic proportion, and therefore not essential. Soda 
forms, also, with oxalic acid, a binoxalate, but no guadroxalate. 
In the oxalate, supposing it to be constituted of atom of base 
= 32,+ 1 atom of acid = 36, together 68, 100 parts of soda 
must be combined with 112.53 parts of acid; in the binoxa- 
late with 225.06. ‘The latter salt contains, also, 3 atoms of 
water. 

Oxalate of ammonia crystallizes in long transparent prisms. 
Its taste is bitter and unpleasant. At the temperature of 60°, 
1000 grains of water dissolve only 45 grains of the salt, giving 
a solution of sp. gr. 1.0186. The solution is of great use as_ 
a re-agent; for it precipitates lime from almost all its soluble 
combinations, provided these be perfectly.neutral, and dis- 
covers it even when in very minute quantity. 

In oxalate of ammonia, constituted of 1 atom of base = 17, 
+ 1 atom of acid = 36, 100 parts of real alkali must be united 
with 211.8 parts of acid. ach atom of anhydrous salt is 
united, according to Dr. Thomson, with 2 atoms of water in 
the crystals. A super-oxalate or binoxalate of ammonia, also, 
exists, which is less soluble in water than the oxalate. In this, 
1 atom of base is united with 2 atoms of acid and 8 atoms of 
water. 

Oxalate of lime is extremely insoluble in water at all tem- 


Base. 


| a acoder 
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peratures. » It may be formed, either by dropping oxalic acid 
into lime-water, or by mingling the solution of any salt with 
base of lime with one of any of the soluble oxalates. When very 
slowly dried at the temperature of the atmosphere, it consists, 
according to Berzelius, of 4 atoms of water and 1 of oxalate 3 
when more rapidly dried, of 2 atoms of water and 1 of 
oxalate, or of mixtures of those two hydrates in different pro- 
portions. Dr. Thomson finds that when dried at a temperature 
not exceeding 100° Fahr., each atom remains two atoms of 
water. ‘The anhydrous salt consists of 
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.Fresh precipitated oxalate of lime is soluble in nitric and 
muriatic acid; and hence, in the use of oxalate of ammonia 
or oxalic acid as a precipitant, it is necessary first. to neutralize 
any excess of acid, which the solution may contain. Laugier 
asserts that it is completely decomposed by pure potassa, (Ann. 
of Phil. N. S. viii. 309) ; but it is probable that he was deceived 
by the use of an alkali not free from carbonic acid, for oxalate 
of lime is easily decomposed by alkaline carbonates. 

Oxalates of baryta and strontia are white tasteless powders 
of very sparing solubility; but the former earth, with an ex- 
cess of acid, forms a soluble super-oxalate. One hundred 
parts of strontia take by experiment 83.62 of oxalic acid for 
saturation. No super-oxalate exists with this base. The 
oxalate of baryta is more soluble than the strontitic salt. It 
consists of 1 atom of base, 1 atom’ of acid, and 3 atoms of 
water. A bin-oxalate of baryta may be formed, by adding 
oxalic acid to the white powder which is precipitated by that 
acid from the watery solution of baryta. This salt, which 
shoots into smail needle-formed crystals, has its elements so 
feebly combined, that it is decomposed by mere solution in 
water. It is constituted of 1 atom of base, 2 atoms of oxalic 
acid, and 3 atoms of water. | 

Oxalate of magnesia is a soft white powder, bearing a con- 
siderable resemblance to oxalate of lime. It is tasteless, and 
not sensibly soluble in water. Yet when oxalate of ammonia 
is mixed with sulphate of magnesia, no precipitate falls, till 


? 


o 
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the solution is heated and concentrated. Wheri dried in the 
air, it consists of 1 atom of base, 1 atom of acid, and 2 atoms 
of water. The crystallized binoxalate is composed of 1 atom 
of base, 2 atoms of acid, and 7 atoms of water. 

Oxalate of alumina.—Fresh precipitated alumina is soluble 
in oxalic acid; but the compound is not crystallizable, form- 
ing when evaporated a yellowish pellucid ‘mass. It has a 
sweetish astringent taste, and is composed of i atom of 
alumina, 1 atom of acid, and 3 atoms of water. 

Oxalate of manganese.—Oxalic acid, digested with oxide 
of manganese, is partly decomposed; carbonic acid is dis- 
engaged with effervescence; and the manganese, reduced to 
the state of deutoxide, unites with the oxalic acid. The 
oxalate of manganese is precipitated in the state of a white 
powder, which aléo appears on adding oxalic acid to the sul- 
phate, nitrate, or muriate of manganese. 

Oxalate of xinc appears on anaine oxalic acid to the solu- 
tion of sulphate, muriate, or nitrate of zinc, from which it 
throws down the whole of the metallic oxide, in the form of 
an insoluble oxalate composed of 1 atom of base, 1 atom of 
acid, and 2 atoms of water. 

Oxalates of iron.—Oxalic acid unites both with the prot- 
oxide and peroxide of iron. The solution of the protoxide 
affords prismatic crystals of a green colour and sweet astringent 
taste, soluble in water, and composed of 55 acid + 45 oxide. 
By exposure to the air, in a liquid state, this salt is changed 
into per-oxalate, which is incapable of crystallizing, and has 
the form of a yellow powder, insoluble in water.. The per- 
oxalate may, also, be formed by the direct combination of 
oxalic acid with peroxide of iron. 

Oxalate of tin may be formed by the rece action of oxalic 
acid on tin. ‘The solution yields prismatic crystals, which are 
soluble in water, and have an austere taste. 

Oxalate of cadmium, formed by decomposing any salt of 
cadmium with the solution of an alkaline oxalate, is a white 
insoluble powder. 

Oxalate of antimony is precipitated in small crystalline and 
insoluble grains, on adding oxalic acid to the solution of 
antimony in sulphuric acid. 

Oxalate of cerium.—Oxalic acid and oxalate of ammonia _ 
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precipitate the protoxide of cerium from its solutions, forming 
a white salt not soluble in an excess of acid, but soluble in 
liquid ammonia. With the peroxide, the precipitate is of a 
red colour. 

Oxalate of cobalt is precipitated by oxalin acid from solu- 
tions of the metal, in the form of a red powder, insoluble.in 

water without an excess of acid, but then forming a solution 
which is capable. of yielding crystals. 

Oxalate of bismuth may be formed either by decomposing 
the salts of bismuth with an alkaline oxalate, or by acting on 
the oxide with oxalic acid. It is a white insoluble powder. 

Oxalate of copper appears in the state of a bluish green 
precipitate, when oxalic acid is added to nitrate, acetate, or 
sulphate of copper. | 

Oxalate of lead is best formed, by adding oxalic acid to 
solution of nitrate, or acetate of lead. It is nearly insoluble 
in water, unless an excess of acid be present. It is composed, 
according to Berzelius, of 24.54 oxalic acid + 75.46 oxide 
of lead, which agree as nearly as possible with an atom of each 
of its ingredients, viz. 36 acid + 112 oxide. 

Oxalate of mercury is precipitated by oxalic acid from 
nitrate of mercury, in the state of an insoluble white powder. 
This, when exposed to the light, becomes black, and detonates 
when heated. It enters into the composition of Howard’s 
fulminating mercury. 

Oxalate of silver may be formed by adding oxalic acid to. 
nitrate of silver. Its colour is white, but it is blackened on 
exposure to the light by the reduction of its oxide. 


———fie 
SECTION V. 
Native Vegetable Acids. 


Native vegetable acids are such as are found, ready formed, 
in plants or their fruits, and require, for their extraction, only 
pressure, and other simple processes, which can scarcely be 
supposed to produce any change in their nature or properties, 
The following are the principal ones hitherto discovered 

VOL, II. : | 
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OO dy Citrie. 6. Benzoic. 
2. Gallic. 7. Acetic. 
- 8. Malic. 8. Prussic: 
4, 'Tartaric. 9. Phosphoric. . 
5. Oxalic. ly? 


Besides these there are a few other acids, obtained only 
from particular vegetables, which may be classed together, 
such as the gingotc, ellagic, menispermic, &c.; because it may 
still be considered doubtful whether they are distinct acids, or 
only known acids having their properties disguised by com- 
bination with other yepbeltite substances. The complete 
alteration of properties, attending such combinations, in the 
acids termed sorbic, rheumic, &c., which for some time 
were ranked as new acids, but which were afterwards 
shown to. be well known acids united with other vegetable 
matter, should teach us caution in admitting the claims of 
such substances to the title of new and peculiar compounds. 
Other vegetable acids, the results of more complicated pro- 
cesses, and produced by new arrangements of the vegetable 
‘elements, such as the succinic, camphoric, &c. will be 
described in connection with the substances from > which they 
are obtained. 


Art. 1.—Citric Acid. 
Citric acid exists in the expressed juice of the lime and 
~ Jemon, along with a quantity of extractive matter and muci- 
lage, and with variable proportions of malic and sometimes of 
acetic acid. The following process, for obtaining citric acid 
in a separate state, we owe to the ingenuity of Scheele. To 
the expressed juice of the lime or lemon, contained in a 
vessel of earthen ware, or white wood, -add, very gradually, 
finely powdered carbonate of lime (chalk or whiting), and 
stir the mixture well after’each addition. An effervescence 
will ensue; and as long as this arises, on adding fresh por- 
tions of chalk, more chalk will be required. The exact pro- 
portion it is impossible to assion, on account of the variable 
strength of the acid juice. In general, from six to eight 
ounces of chalk aré sufficient to saturate a wine-gallon of | 
lime-juice. When it ceases to excite effervescence, and the 
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liquor has lost ‘its sour taste, allow the mixture to settle; 
decant ‘the liquid, and add a quantity of water. Let the 
powder subside; the liquor be again decanted, and thrown 
away; and these operations repeated, till the water comes off 
quite tasteless and colourless. ‘The insoluble precipitate con- 
sists of citric acid, united with lime; add to it slowly, while 
an assistant agitates the mixture constantly, a quantity of 
sulphuric acid, of the density 1.85 or thereabouts, equal to 
the weight of the chalk which has been employed, and pre- 
viously diluted with 10 parts of water.—Let the acid and 
precipitate remain together 24 hours3during which time they 
must be frequently stirred with a wooden spatula. Then let 
the white sediment, which consists of sulphate of lime, sub- 
side; decant the clear liquor; add more water till it comes 
off tasteless ; and mix all the liquors together. The solution, 
containing chiefly. citric with a little sulphuric acid, and some 
mucilage, is to be evaporated first in a leaden boiler, and 


afterwards in shallow earthen dishes, placed in a sand-heat.. 


Reduce the liquid to about one fourth of its bulk by evapo- 
ration; separate the sulphate of lime, which will be deposited, 
and again waste the liquor, by a heat not above 212°, to the 
consistence of syrup. Brown crystals will form on cooling, 
which must be set to drain; and the remaining liquor, when 
again evaporated repeatedly, will continue to yield fresh 
crystals. To purify these, let them be dissolved in water ; 


and the solution be again evaporated. After the second crys-_ 


tallization, their colour will be improved; but’ it will require 
three or four crystallizations to obtain them perfectly white 
and well formed. In this state, they are the pure citric’ acid. 
The proportions, which I have recommended for the pre- 
paration of citric acid, differ'a little from those, which have 
been deduced by Proust from his .experiments. (Journ. de 
Phys. lii. 366.) Four ounces of chalk saturated, he found, 
94 ounces of lemon juice; and the citrate of lime weighed seven 
ounces four drachms. But the four ounces of chalk, or 32 
drachms, contained only 18 drachms of lime: and, from the 
analysis of citrate of lime, it appears to contain 68.8 parts of 
citric acid in 100. Hence the seven ounces four drachms 
contained 411 drachms of citric acid.. But to expel the car- 
bonic acid completely from four ounces of chalk, five ounces 
m2 
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of sulphuric acid of commerce were found necessary. ‘This 


proportion, therefore, he employed in decomposing the citrate 
of lime. Six ounces of the citrate, by two crystallizations, 
gave 31 ounces, or 28 drachms, of pretty large crystals; 
from whence it follows that the whole 74 ounces would have 
given 4 ounces 3 drachms of crystallized citric acid.* 

The preparation of solid citric acid on the large scale of 
manufacture requires an attention-to a number of minute 
circumstances, which are stated at length by Mr. Parkes in 
the 3d volume of his Chemical Essays, and in the 46th 
volume of the Philosophical Magazine. 

The citric acid, which is made for sale, is generally pre- 
pared from lime-juice. The quantity of solid citric acid, in 
a gallon of this juice, varies considerably.. I have found it 
as high as twelve avoirdupois ounces in a gallon; but about 
six or eight ounces to. the wine gallon is a fair general 
average. ‘The only accurate method of ascertaining its pro- 


portion consists in adding, to a quantity of the juice, solution 


of pure potassa till saturation is produced. Liquid potassa, 
of a fit strength for this purpose, may be prepared by boiling 
two pounds of American potash with one pound of quick~ 
lime, previously slaked to a thin paste, and a gallon of water, 
in an iron pot, during half an hour. ‘The solution may be 
strained through calico, and reserved for use in well stopped | 
botties. When employed as a test, one measure may be added 
to three measures of water; and it is proper to ascertain, by 
experiment, how much of this solution is requisite to satu- 
rate an avoirdupois ounce of white crystals of citric acid. It 
will then be easy, by saturating with the same alkaline liquor 
an aliquot part of a wine gallon of any sample of lime or 
lemon juice (judging of the point of saturation by test papers) 
to calculate what quantity of solid acid is contained in a 
gallon of the juice under examination. This, of course, 
implies that the juice is not contaminated with any other acid, 
which must be ascertained by the appropriate tests. By mere 
keeping, lime juice is apt to pass to the acetous fermentation. 
Pure citric acid forms beautiful transparent crystals, con- 
sisting of two four-sided pyramids joined base to base, or 


* Philos. Magazine, x. 
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sometimes of rhomboidal prisms. Their primary form is a 
right rhombic prism, and the measurements, according to Mr. 
Brooke, nearly those which follow. The crystals, however, 
so speedily lose their brilliant surfaces when exposed to the 
air, or even when inclosed in a bottle, that the measured 
angles of the secondary faces are less to be relied upon than 
those afforded by the cleavage planes. , 
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An ounce of distilled water, at 60° Fahrenheit, dissolves an 
ounce and a quarter of these crystals, or at the boiling tem- 
perature twice its weight. ‘This solution is decomposed and 
becomes mouldy by keeping. The crystals do not attract 
moisture from the atmosphere. They contain, according to 
Berzelius, 
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Only asmall part of this water, viz. about 7 per cent., can 
be driven off by a degree of heat, just below what is sufficient 
to decompose the acid. The real proportion of water can 
only be determined, by uniting the acid with some basis, 
with oxide of lead for example. 

When treated with about three times its weight of nitric 
acid, the citric acid is converted partly into the oxalic, of 
which it gives half its weight. As the proportion of nitric 
acid is increased, that of the oxalic is diminished, till at 
length it disappears altogether, and acetic acid appears to be 
formed. | | 

Citric acid is decomposed at a high temperature, and yields 
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_ products which are constituted of carbon, ‘hydrogen, and 


oxygen in uncertain proportions. Gay Lussac and Thenard 
analyzed it by combustion with chlorate of potassa;. Berzelius 
by peroxide of copper; and Dr.- Ure by the same method. 
The difference between the results, exhibited in the first and 
second columns, Berzelius ascribes to the want of due allow- 
ance, by Gay Lussac and Thenard, for the water of crystal- 
lization. 

Carbon .... 33.811 i¢eeey 41.369 10.008 28,00 

Oxygen’) ..5° 59-888). Vide, GABBI. eo. Gad 

« Hydrogen... 61380 + Peds. 2-BOD, nin yas ow Anes 


100.* 100.+ **. 100.+ 
The DORA ITO of citric acid, most nearly agreeing with 
the results of Berzelius, is as follows: 
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58 100. 

Dr. Ure’s determination gives, for the crystals, 4 atoms of 
carbon -+ 5 of oxygen + $ of hydrogen, and the equivalent 
number 67, from which, deducting two atoms of water, always. 
detached by uniting the acid with protoxide of lead (or 2 
atoms of oxygen + 2 of hydrogen), he deduces. the composi- 


tion of the anhydrous acid to be 4 atoms of carbon = 24, + 3 


of oxygen = 24, + 1 of hydrogen, and its equivalent number, 
ther ot e,to be 49. From the analysisof the crystals by peroxide 
of copper, as well as from the composition of citrate of lead, 

Dr. Thomson concludes that the true representative number 
for dry citric acid is 58, and for the crystals 58 + 18 = 76. 
(First Prin. ii. 122.) Such a number would result from,a 
coimbination of 4 atoms of carbon, 4 of oxygen, and 2 of 
hydrogen. From the united evidence, therefore, of Berzelius 
and Thomson, we may consider the anhydrons acid as cor- 


_ rectly represented by 58, and the crystals, containing 2 atoms 
of water, by 58 + 18 = 76. 


* Recherches, vol. ii. + Berzelius, Ann. de Chim. xciv. 172, 
t.Ure, Phil, Trans, 1822. | ae Gee 
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Citric acid readily unites with alkalis, earths, and metallic 
oxides. mm 

Citrate of potassa. aig ee to Fouquding 36 parts of 
crystallized citric acid, dissolved in water, require for satura~ 
tion 61 of crystallized bi-carbonate of potassa; and the result 
is an extremely soluble and even deliquescent salt, composes 
in its dry, state of 552 acid and 441 alkali. These numbers 
are not very remote from those required by the atomic weight 
of the base and acid. ‘ 

Citrate of soda is avery soluble salt. Thirty-six parts of 
citric acid neutralize 42 of dry sub-carbonate of soda; and 
hence 100 parts of the citrate consist of 60.7 acid and $9.3 
base. The proportions most consistent with atomic weights 
are 64.5 acid + 35.5 base. 

Citrate of ammonia.—The same quantity of citric acid 
saturates 44 parts of subscarbonate of ammonia; and affords a 
soluble and difficultly crystallizable salt, composed, in 100 


parts, of 62-acid and $8 base. In this case, the proportion. 


of base considerably exceeds the theoretical sama viz. 22.6 
in 100 of the citrate. 

Citrate of baryta is an insoluble ay of little importance. 

Citrate of magnesia.— Thirty-six parts of crystallized acid 
neutralize 40 parts of sub-carbonate of magnesia. Hence 100 
parts of the salt contain 33.34 base and 66.66 acid, but theory 
would require only 25.6 base to 74.4 acid. The salt is 
soluble, but not crystallizable. 

Citrate of lime.—Crystallized citric acid, disolveds in water, 
requires an equal weight of chalk for saturatien. The com- 


pound, when neutral, is insoluble ; _ but with an excess of acid 
it becomes readily soluble. It was found by Gay Lussac and 


Thenard to consist of | 
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The theoretical constitution of this salt differs very. little 
from that deduced from experiment, viz. | 
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Citrate of: zinc, resulting from the action of citric acid on 
zinc, which it attacks with effervescence, forms small brilliant 
crystals, insoluble in water. ' Lees 

Citraie of iron.—Citric acid dissolves iron filings with 
effervescence. »-The solution, which is almost ‘colourless, 
deposits : citrate’ of iron in the state of a white powder. It has 
a'sweetish and astringent taste ; dissolves readily in water, but 
not in alcohol ; and, Souihasth exposed in a moist state to the air, 
becomes first yellow and then olive, being converted into the 
percitrate. This salt is deliquescent, and forms an olive green 
solution, and is incapable of crystallizing. 

There is also a bi-citrate of the protoxide, which is depo- 
sited in a white crystalline form during the solution of iron in 
citric acid. It has an acid and astringent taste, and does not 
undergo the farther oxidation of its base, nearly so soon as the 
neutral citrate. 

Citrate of copper.—Citric acid BNschlas ude of copper at 
a boiling heat, and the solution yields light green crystals. 

Citrate of lead is precipitated from acetate of lead by citric 
acid in the state of an insoluble powder.. It contains, accord- 
ing to Berzelius, 34.18 acid + 65.82 base, proportions which 
confirm the number already given for the equivalent of citric 
acid ; for 65.82 : 34.18 :: 112 : 58, very nearly. Now 58 is 
the number already deduced for the equivalent of citric acid 
from the results of its ultimate analysis. 

These are the only citrates that have been patil be in- 
vestigated. 

Partai Acid. 

M. Lassaigne has given this name to an acid, produced by 
the destructive distillation of citric acid.. When citric acid 
is heated in a retort, it first fuses, and then parts with nearly 
the whole of its water of crystallization... The liquid products 
are of two different kinds: the one. of an amber colour and 
oily consistence, occupies the bottom of the vessel; the other 
colourless and liquid like water, and floating over the former, 
has a decidedly sour taste. It is found, however, on examin- 
ing the oily fluid, that, along with its bituminous taste, it has a 
strongly acid one; and on agitating it with water, and then 
allowing the mixture to stand, the water’when decanted is 
rendered acid. The oily fluid, left to itself, soon becomes 
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acid again, and deposits white crystals which are also strongly 
acid. When again agitated with water, only a small portion 
re-assumes the oily form; or, if kept under water, it is soon 
acidified. | 

The colourless liquid and the oily fluid both contain an 
acid, which has properties differing essentially from those both 
of the citric and the acetic.. It may be obtained pure, by first 
saturating it with lime, and then disengaging it by oxalic acid ; 
or by decomposing the calcareous salt with acetate of lead, and 
treating the precipitate with sulphureted hydrogen. Its pro- 
perties are the following: 
- It is white, inodorous, sour to the taste, and a little bitter; 
difficult to obtain in distinct crystals, but presenting itself 
under a white mass formed by the interlacement of numerous 
fine needles. It is extremely soluble in alcohol and ‘in water, 
the latter of which, at 50° s“ahrenheit,. takes up one-third its 
weight. It forms salts differing decidedly from those which 
result from the union of citric acid with the same bases. — Its 
combination with potassa crystallizes in small needles, which 
are soluble in four parts of water. With lime it yields a salt, 
in needles which are disposed opposite to and at angles with 
each other, like the leaves of fern. These crystals require 25 
parts of water at 50° for solution. ‘The pyro-citrate of lime 
consists of 34 acid, and 66 base, excluding the water, which 
forms 30 per cent. of the crystals. One hundred parts of the 
acid are equivalent to neutralize | 


194.117 parts of lime 
127.272 baryta 
203. protoxide of lead. 
It is remarkable then that its capacity of saturation is 
exactly the same as that of citric acid; but the results of its 
ultimate analysis, effected by treating pyro-citrate of lead 


with oxide of copper, gives a perfectly ire sete atomic consti- 
tution, viz. 
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. These results are not very remote from 
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Art. 2.—Gallic Acid. 


This acid exists in the gall-nut, along with tan and eatin 

substances. In Sir H. Davy’s experiments, 4.00 grains of a 
saturated infusion of galls, gave, by evaporation, 53 of solid 
matter, composed of nine-tenths tan, and one-tenth gallic acid. 
The acid, as was discovered by Scheele, may be obtained by 
exposing an infusion of galls in water to the air. A mouldy 
pellicle will form on the surface of the infusion; and, after 
- some months’ exposure, small yellow-crystals will appear on 
the inside of the vessel. These crystals contain both tan and 
gallic acid.* To purify them, they must be dissolved in 
alcohol, and the solution cautiously evaporated to dryness. 
_ Gallic acid may also be procured by sublimation.. Pounded 
galls are to be put into a large retort, and heat slowly and - 
carefully applied. . The gallic acid will rise, and be condensed. 
in the-neck of the retort in shining white crystalline plates. 
The process must be stopped Hofard any oil comes over, as. 
this would re-dissolve the crystals. This method is recom- 
mended by Deyeux as preferable to any other. _ 

The gallic acid may be separated from the infusion of galls, } 
by aeeipe muriate of tin till the precipitate ceases to appear. 
This precipitate may be reserved for the experiments detailed 
under the article Tan. From the remaining solution the 
superabundant oxide of tin must be precipitated by sulphu- 
reted hydrogen gas, and the clear liquor, on evaporation, yields 
crystals of wallie acid. From one ounce of galls, according 
to anda about three drachms of gallic acid ay wie thus 
obtained, 

In Nicholson’s 8vo. Journal, vol. i. page 236, a very simple 
process for obtaining gallic acid is proposed by M. Fielder. 
Boil an ounce of powdered galls,- in sixteen ounces of water 
pas aes ihe me eam oc ee ee ee on Le Re eMac MAY fuck Bea Se) eee ee 

* Berzelius, 94 Ann. de Chim, $03, ales 


SECT. Ve NATIVE VEGETABLE ACIDS. 219 


down to eight, and strain the decoction. . Precipitate also two 
ounces of alum, dissolved in water, with a sufficient quantity 
of carbonate of potassa, and, after having washed the pre- 
cipitate extremely well, add it to the..decoction, and digest 
the mixture for 24 hours, shaking frequently. The alumina 
combines with, and carries down, both the tan and extract; 
and the filtered solution yields, by gentle evaporation, crystals 
of gallic acid. . 

To separate gallic acid from the tan which accompanies it, 
Baruel has proposed to add to the infusion of galls a solution 
of white of eggs, till it ceases to occasion a precipitate; to 
evaporate to dryness the clarified liquor; and to add alcohol to 
the dry mass. From the alcoholic solution, the gallic acid 
may be obtained in crystals, by evaporation. (Thenard’s 
Traité de Chim. 2d edit. and Ann. de Chim. et Phys. x. 235.) 
Mr. Faraday has adopted a similar process, using gelatine 
instead of albumen, and applying it by boiling together bruised 
galls with about one-sixth their weight of clipped skins. (Quar- 
terly Journal, vi. 154.) All these methods, however, M. Bra- 
connot is.of opinion are inferior to that of Scheele, when mo- 
dified as follows. He infused 250 grammes (each about 153 
grains) of bruised galls in rather more than two wine pints of 
water during four days, agitating from time to time} pressed 
out the liquor; filtered it through paper, and-exposed the 
liquor to the air in a glass vessel, at a temperature varying from 
65° to 75° Fahrenheit, for two months, A considerable quan- 
tity of gallic acid separated in crystals, which were collected 


and pressed. .The solid, thus obtained, consisted partly of 


gallic acid, and partly of a new acid insoluble in boiling 
water. ‘he liquid, which passed through the cloth, was 
evaporated to the consistence of syrup, and at the end of 24 
hours, more crystals were obtained, which were also subjected. 
to pressure. ‘The quantity of gallic acid amounted to 62 
grammes, but it was mixed with an insoluble powder. The 
whole was boiled with about a pint and a quarter of water, and 
filtered; and about 10. grammes of a light fawn-coloured sub- 
stance remained on the filter. The filtered solution deposited 
on cooling about 40 grammes of gallic acid, and, from the 
remaining liquid, about 10 grammes more were obtained by 
evaporation, M. Braconnot found also that gallic acid was 
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developed by keeping the bruised galls moistened and exposed 


to the air, and that an odour of alcohol was emitted during 


their decomposition. (Ann. de Chim. et de Phys. ix. 184.) : 

By none of these processes, however, can gallic acid be 
obtained perfectly pure; for it is still contaminated with a 
small proportion of extract. ‘lo purify it, Deyeux advises its 
sublimation. Over a glass capsule, containing the impure 
acid, and placed in a sand-heat, another capsule is to be in- 
verted, and kept cool. On the impression of the heat, the acid 
rises into the upper one, in the form of white needle-shaped 
crystals. By this process, the qualities, and probably the com- 
position, of gallic acid, appear to undergo some change. 

Braconnot finds that the gallic acid, prepared by his method, 
and having a light fawn-colour, may be purified by dissolving 
100 parts in 800 of boiling water, and adding 18 parts of 
animal charcoal (ivory black) which has been washed with 
diluted muriatic acid. The materials are to be kept heated in 
a sand-bath for a quarter of an hour; and the liquor filtered 
through paper and suffered to cool, agitating it several times. 
The acid thus obtained is, after pressure, perfectly white, and 
occasions no precipitate in an infusion of gelatine. Re-dis- 
solved in boiling distilled water, it forms small silky crystals 
of the most perfect whiteness. 

The pure gallic acid has the following characters : 

1. Its crystals, which are extremely minute, have for their 
primary form a doubly oblique prism; the measurements of 
which are given by Mr. Brooke, Ann. of Phil. N.S. vi. 119. 
They have a weakly acid and somewhat astringent taste. 

2. Gallic acid burns with flame, when placed on a: red-hot 
iron, and emits an aromatic smell. When distilled per se at 
a high temperature, it is decomposed, and yields the usual 
products of the destructive distillation of vegetable matter. 

8. Itis soluble in 24 parts of cold, or three of boiling water. 
The solution is decomposed by keeping, and acquires a 
mouldy pellicle on its surface. Alcohol, when cold, dissolves 


one-fourth, or an equal weight when heated. It is also. 


soluble in ether. 

_ 4. The solution reddens blue vegetable colours; but Berze- 

lius denies its action on the colour of turnsole. It effervesces 
with alkaline carbonates, but not with earthy ones. 
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' 5. Nitric acid converts the gallic into oxalic acid. 

6. It unites with alkaline solutions without producing any 
deposit ; but from watery solutions of lime, baryta, and stron- 
tia, it occasions a bluish precipitate. Of the combinations of 
earths with acids, it decomposes those only with base of glucina, 
yttria, and zirconia, a property distinguishing those earths 
pen all others. 

. It precipitates most metals from their solutions; gold, 
val and copper, of a brown colour; lead, white; mercury, 
orange; bismuth, yellow; and iron, deep black. It is inca- 
pable, however, according to Richter, of detaching iron from 
sulphuric acid, unless assisted by some body which has. an 
affinity for sulphuric acid. ‘The precipitate from solutions of 
iron is soluble in an excess of the acid entering into the solu- 
tion. It forms the basis of ink, which, according to Deyeux, 
consists of carbureted oxide'of iron, and gallate of iron. 

_ The only analysis we possess of gallic acid is that of Berze- 
hus (Ann. of Phil. v. 178.) Ketone to his Leap ie it 
consists of 
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100. 
The atomic constitution, most nearly corresponding with 
these proportions, is the following: 
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63 ~—«100. 


This agrees very nearly with the equivalent deducible from 
the composition of gallate of lead, which, according to Ber- 
zelius, consists of 173.97 protoxide of lead + 100 gallic 
acid ; oo is : 100 :: 112 (the equivalent of oxide of 
lead): 63 

Sie finds that when a known quantity of gallic beid 
is dissolved in solution of ammonia, and is placed in contact 
with oxygen gas, sufficient of the latter 1 is absorbed to convert 
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all the hydrogen of the gallic acid into water. The gallic acid 
is thus converted into ulmin. (Ann. de Chim, &c. xxiv. 335.) 
A full and valuable history of the gallic acid, and of all the 
processes then known for obtaining it, by Bouillon La Grange, 
may be. consulted in Nicholson’s Journal, xvii. 58.* That 


_ chemist has, however, expressed a doubt of the claim of the 


gallic acid to be considered as a distinct acid; and suspects 
that it is only a modification of the acetic. In’ confirmation 
of these doubts he.remarks, that its properties differ according 
to the method in which it has been prepared ;+ but there dues 
not appear to mé sufficient reason to deny the distinct nature 
of a compound, which is ewe by so many striking 
niga as the gallic acid. 


Ant. 3. Malic Acid. 


This acid exists in the juice of apples, gooseberries, and of 
some other fruits, in which it is found mixed with the citric, 
and occasionally with other acids. It may be obtained by 
evaporating the juice nearly to dryness, and then adding 
alcohol, which dissolves the acids, and leaves the mucilage. 
To this solution of citric and malic acids in alcchol, chalk is 
to be added to saturation, and the precipitate to be washed 
with boiling water, which takes up the malate of lime, and 
leaves the citrate. The solution of the malate of lime may 
then be decomposed by sulphuric acid. * 

Or the juice of apples may be saturated with carbonate of 
potassa, and mixed with a solution of, acetate of lead, till the 
precipitate ceases. ‘This precipitate is to be washed with water, 
and diluted sulphuric acid is to be added, till the liquor acquires . 
an acid taste, unmixed with any sweetness: The fluid is to be 
filtered, to separate the sulphate of lead, and evaporated. It 
yields no crystals, but a thick liquor of a cherry-red_ colour. 
Braconnot objects to this process, that the acid, obtained by 
it, is contaminated with a mucilaginous matter intermediate be- 
tween gum and sugar, which modifies its chemical properties. 


* The reader will find, also, much important matter on this subject in 
Messrs. Aikins’ Dictionary of Chemistry, article Gall Nut, and in Dr. 
Bostock’s papers in Nicholson’s Journal, xxiv. 

+ Annales de Chimie, lx. 156. a 
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- Vauquelin has shown that the malic acid may be obtained 
advantageously from the juice of house-leek (sempervivum 
tectorum). by adding acetate or nitrate of lead, and decompos- 
ing the insoluble malate with sulphuric acid, added in slight 
excess. ‘To remove the redundant sulphuric acid, Gay Lussac 
boils the liquor with a small quantity of litharge, and throws 
down the oxide of lead by a current of sulphureted hydrogen. 
He then evaporates to the consistence of syrup, and adds 
alcohol, which separates the malic acid from a portion of 
malate of lime. The alcohol is then distilled off at a gentle 
heat, and the residue dissolved in water. (Ann. de Chim. et 
Phys. vi. 331.) | 

Malic acid may be formed, also, by the action of nitric acid 


on sugar. Equal weights of sugar and nitric acid are to be 


distilled together, till the mixture assumes a brown colour. 
The oxalic acid may be separated by adding lime water; 
after which, the remaining liquor is to be saturated with lime 
and filtered. On the addition of alcohol, a coagulum of ma- 
late of lime is formed, which may be dissolved in water,’ and 
decomposed, as before directed, by acetate of lead; and 
afterwards by sulphuric acid. ‘This procéss, however, Mr. 
Donovan finds to be extremely uncertain and costly. 

In 1815 Mr. Donovan discovered in the juice expressed 
from the berries of the sorbus aucuparia, or service tree,* what 
he then considered as a distinct acid; and the experiments of 
Vauquelin and Braconnot} appeared for a time to confirm his 
conclusions. ‘To procure it, the fruit of the sorbus, collected 
about the month of October a little before it is perfectly ripe, 
is to be bruised in a porcelain or marble mortar, and sub¢ 


mitted to strong pressure. Vauquelin recommends that the | 


juice, thus obtained, should be allowed to remain 12 or 15 
days in a moderately warm place. By the fermentation, 
which it thtis undergoes, a quantity of viscid matter is depe- 
sited, which may be separated by filtration. The clear liquor 
may be mixed with a solution of acetate of lead, which affords 
a copious precipitate. This is to be washed on a filter, first 


with a large quantity of cold water, to free it from colouring | 


matter; and next with repeated quantities of boiling water, the 


* (Phil. ie! - + Ann. de Chim, et Phys. vi. us 
ny . 
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hot washings only being reserved in a series of glass jars. After 
some hours, they become opaque, and deposit crystals of sin» 
gular lustre and beauty, resembling benzoic acid. .. Those, 
which have been formed in the colourless washings, are to be 
collected on a filter, dried in the air, and pr eserved for a sub- 
sequent process. | 

The original mass, remaining on the ier is next to bie 
boiled for half an hour with a slight excess of diluted sulphuric 
acid; and when cold is to be filtered. The clear liquor is to 
be mixed, a second time, with acetate cf lead ;. the precipitate 
washed as before with boiling water; and the crystals selected 
from the colourless washings only. ‘The remaining mass. is 
again to undergo the action of sulphuric acid as before. 
The crystals, thus collected, are to be boiled for half an 
hour with 2.3 their weight of sulphuric acid of the ‘specific 
gravity of 1.090, supplying water as it evaporates, and taking 
care to keep the materials suspended, by stirring constantly 
with a glass rod. The clear liquor is to be filtered off, and 
poured into a tall and narrow glass jar. While still hot, sul- 
phureted hydrogen gas is to be passed through it, till all the 
lead has been precipitated. ‘The fluid is then to be filtered, 
and boiled in an open vessel, until the vapour ceases to blacken 
paper, on which characters have been traced with acetate of 
lead. The acid liquor thus obtained, when evaporated to a 
syrup, shoots on cooling into mamillary crystals, which havea. 
very sour taste, and deliquiate in a moist atmosphere. Bra- 
connot prefers obtaining the acid by the intermediation of 
lime rather than of oxide of lead, by which process he pro- 
cures a larger proportion of acid. 

By a subsequent train of experiments, Bisanuaet was 
led to conclude that the sorbic acid is essentially the same 
with the malic; for when divested of all impurities, it exhi- 
bited the same properties, and formed with bases precisely the 
same compounds.* ‘The same conclusion has been drawn by 
Houton Labillardiére.} The identity of the acid, when ob- 
tained from different sources being thus established, it appears 
to be due to Scheele to aisinapiol it by the term met which 
he originally proposed for it. ie 


* Ann. de Chim, et’Phys; viii, 149. 


t Ibid, 214. 
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The malic acid is liquid, and incapable of being crystallized 
for, when evaporated, it becomes thick and viscid, like syrup. 
Its taste is very sour, but it is quite free from smell. It is diffi- 
cult to obtain it free from colour; but, by a process somewhat 
tedious and complicated, Braconnot succeeded in preparing 
it quite white, from the juice of sempervivum tectorum. It is 
very soluble in water, and inalcohol. By keeping, it under= 
goes a kind of decomposition. Nitric acid converts it into 
oxalic acid. It unites with alkalis and earths. With lime it 
forms a salt which is almost insoluble in cold water, but readily 
soluble by hot; and in consequence of this last property, it 
may be easily separated from the oxalic, citric, and tartaric 
acids; -all of which form with lime compounds that are inso- 
luble even in boiling water. When perfectly pure, Gay Lus- 
sac has shown that it does not decompose either nitrate of 
silver, of mercury, or of lead; but from acetate of lead it 
throws down a precipitate, which is soluble in acetic acid, and 
even in boiling water. 
. When malic acid is heated out of the contact of air, it sub- 
limes, and the sublimed crystals possess. characters differing 
from those of the original acid. When thus altered, it has 
been called pyromalic acid. 
‘The sorbic acid, which may now be considered as sdenneal 
with the malic, was analyzed by Vauquelin, by combustion 
with oxide of copper, and its composition is stated to be, 
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100. 
These results indicate 
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60 100. 


The probability that 60 is the true equivalent, is strength- 
ened also by Vauquelin’s analysis of sorbate or malate of lime, 
which gives a the equivalent of malic acid, a difference 
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not greater than might be expected from unavoidable errors 
of experiment. 

Malate of potassais deliquescent, very HAR and not crys+ 
tallizable. The bi-malate forms crystals which are permanent, 
soluble in water, but insoluble in alcohol. 

Malate of soda resembles very elopelys in its properties the 
foregoing salt. 

Malate of lime.—The neutral malate of lime is an insoluble 
salt, which may be obtained by adding lime water to a solu- 
tion of the super-malate. ‘The latter salt is chiefly formed 
when carbonate of lime is added to malic acid. It has an 
acid taste; is soluble in water, but not in alcohol; and, when 
evaporated to dryness, assumes the appearance of gum. Ma- 
late of lime is often found in malic acid, and gives it the pro- 
perty of precipitating nitrate of lead. 

Malate of baryia resembles the foregoing salt in its pro- 
petties. 

Malate of strontia is more soluble than the two foregoing 
malates, for strontitic water is not rendered turbid by malig 
acid, which precipitates lime and baryta from water. 

Malate of magnesia forms. permanent cr ystals, soluble in 
28 times their weight of water at 60°. 

‘Malate of alumina is precipitated, in an almost insoluble 
form, when malic acid is added to salts with base of alumina. 
Hence Mr. Chenevix proposed this acid as a means of sepa 
rating alumina from magnesia; but the method has not been 
generally adopted 1 in practice. 

Malate of iron forins a brown Solution which is not crystal- 
lizable. 

Malate of lead is seventy precipitated on pouring malic 
acid into solution of acetate of lead, and on adding acetate of 
lead to any liquid containing malate of lime. It is soluble in 
weak nitric acid and acetic weil According to Mr: Donovan, 
it is capable either of existing in a neutral state, or of uniting 
with an excess of either acid or base ; but this is not consistent 

ith the experience of Vauquelin. Gis Lussac (Ann. de Chim, 


~~ et Phys, vi. $32.) suggests that a triple compound probably 
- exists of malice acid with lime and oxide of lead. 


The combinations of malic acid with other metallic oxides 
have not yet been investigated. 
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Art, 4.—Tartaric Acid, and its Cones 


The tartaric acid i is generally obtained from the bi-tartrate 
of potassa (purified cream of tartar) by the following process; 

Let 100 parts of finely powdered cream of tartar be inti- 
mately mixed with about 30 parts of pulverized chalk. This 
is best done by grinding them together in a mortar, and pass- 
ing the mixture Phrouch asieve. Let the mixture be thrown, 
by spoonfuls, into eight or ten times its weight of boiling 
water; waiting for the cessation of the effervescence, which 
is produced by each addition, before any more is thrown 
in. ‘This method I find preferable to the entire solution of 
the cream of tartar in the first instance, which requires a very 
large quantity of water. If it should appear, from the effect 
of the liquor on litmus paper, that the chalk has not been 
added in sufficient quantity, more may be gradually used, till 
the colour of the litmus is no longer reddened. 

By this operation, a quantity of insoluble tartrate of lime 
will be formed, which is to be allowed to subside, and washed 
with abundance of cold water. To the tartrate of lime, 
diffused through a sufficient quantity of water, concentrated 
sulphuric acid may be added, equal in weight to the chalk 
which has been employed. The mixture may be allowed to 
stand for 24 hours, during which it should be frequently 
agitated. Assay a little of the clear liquor, by pouring into it 
some solution of acetate of lead. A copious precipitate will 
be formed, which may either consist of tartrate of lead, or of 
a mixture of tartrate with sulphate of lead. To determine 
this, add-diluted nitric acid, which dissolves the tartrate but 
not the sulphate. A small quantity of uncombined sulphuric 
acid, though not necessary, does no harm; but a large excess 
of that acid is injurious, from its re-acting on the tartaric acid, 
when heat is applied in the subsequent stages of the process. 
The deficiency of sulphuric acid, if enough has not been used 
to decompose all the tartrate of lime, should be supplied by 
adding more; or aredundance of it removed by the addition 
of a little chalk. The evaporation of the solution may now 
be carried on, in a manner precisely similar to that directed 
for the citric acid; and the crystals purified by a second solu- 
tion and evaporation. 

Q 2 
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The liquor remaining after.the addition of chalk, consists 
of the neutral tartrate of potassa. It may be decomposed by 
mixing it with solution of muriate of lime, till no farther pre- 
cipitation ensues. An ‘insoluble tartrate of lime falls down, 
which may be decomposed by sulphuric acid, in the way 
already directed. Or the tartrate of potassa may be evaporated 
to dryness, and reserved for other purposes. If the tartrate 
of lime be formed by the first operation only, the product of 
crystallized acid amounts to between one fourth and one fifth 
the weight of the cream of tartar. But the decomposition by 
muriate of lime doubles the product of crystallized acid. 

Quicklime has been recommended as a substitute for chalk 
in this process; but I have never found that it could be 
employed with any advantage; for a quantity of caustic potassa 
is set at liberty by its action, which dissolves the tartrate of 
lime, and.prevents it from precipitating. _ When chalk is 
employed for saturation, that part of the acid only is neutralized, 
which constitutes the super-salt; but with quicklime the ope- 
ration is carried still farther, and the neutral tartrste, wiesda 
abandons its acid. 

The tartaric acid forms regular crys- Fig. 1, 
tals, the primary form of which is an a 
oblique rhombic prism. Fig. 1 exhibits 
the crystal as usually modified, with the /.e\/ 
planes symmetrically placed. Fig. 2 
exhibits the same modified form, with 
the planes irregularly disposed as they 
appear in most of the crystals, the 

‘corresponding planes in both being , 
_ marked with the same letters. This ( 
affords another instance of irregularity, 
which renders it not easy imroediately 
to perceive the relations of the several 
planes to each other. 
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Their specific’ gravity is 1.5962. They melt ata heat a 
little exceeding 212° into a fluid which boils at 250°, and 
leaves a semitransparent mass on cooling, slightly attractive 
of moisture from the air, though the Septal crystals were not 
deliquescent. 

The crystals require for solution five or six parts of water 
at 60° Fahrenheit; but are much more soluble in boiling 
water. ‘The solution, which, if saturated, has the sp. gr. 1.230, 
acquires, if diluted, like that of most other vegetable acids, 
a mouldy pellicle by keeping. ‘The crystals were found by 
Berzelius to consist of 
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100. 

Bergman exposed tartaric acid to distillation with nitric 
acid, in the manner practised for obtaining oxalic acid, but 
without being able to produce the latter acid. Hermbstadt, 
however, by using a very concentrated nitric acid, succeeded 
in converting the tartaric into the oxalic acid, and from six 
drachms of the former obtained four drachms and two scru- 
ples of the latter. Westrumb, also, was successful.in the 
same attempt, and adds that the tartaric acid may be changed 
into the acetic by digestion with water and alcohol. 

Tartaric acid has been analyzed by Gay Lussac and 
Thenard, by Berzelius, and by Dr. Ure, and their results are 
contained in the following Table. One hundred parts consist, 

. Carbon. Oxygen. Hydrogen. 
According to Gay Lussac, of 24.050 ....69.321,.... 6.629 
———_———. Berzelius, of .. 95.98 ....60.28 .... 3.74 
Mien Ol vican seen. oslwec ODE 2 irs ase enG 

The disagreement of the two first series of results with each 
other is occasioned, probably, by part of the water of crystal- 
lization having been attached to the acid analyzed by Gay 
Lussac and Thenard, which would increase the proportions 
of oxygen and hydrogen. The most probable atomic consti- 
tution of anhydrous tartaric acid appears to be the following: 

Carbon......4 atoms ., 24 .... 36.36 
Oxygen .,..5 ditto ..40 .... 60.61 
Hydrogen ..2ditto .. 2 ..,. 3.03 


ee 
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And the crystals are probably composed of 


Anhydrous acid 1 atom .... 66 ........ 88.16 | 
Water ie’ ow dee 1 ditto eoeaed G e@eeeoeea 8 11.84 


ited haere secon ae 


: 75 — 100. 

This view is confirmed by the analysis of Dr. Prout, and 
by the corrected one of Dr. Thomson, whose former experi- 
ments, it appears, had been made on a specimen of the crys- 
tallized acid, containing more than its due quantity of water. 
(First Prince. ii. 115.) 

Tartrate of potassa, called formerly soluble tartar, may be 
obtained by adding sub-carbonate of potassa either to cream of 
tartar, or to the solution of the crystallized acid, till all effer- 
vescence ceases; or by evaporating the liquid which remains 
after adding chalk to the solution of bi-tartrate of potassa in 
preparing tartaric acid. According to Von Packen 120 
grains of sub-carbonate require for saturation 112 of pure 
tartaric acid. Mr. R. Phillips finds that 100 parts of cream 
of tartar require for neutralization 434 of sub-carbonate of 
potassa. The resulting salt is very soluble, and even deli- 
quescent. It forms large crystals, the primary form of which 
is a right oblique angled prism. (Brooke, Ann. of Phil. N.S. 
vii. 161.) ‘These contain two atoms of water of crystallization, 
which may easily be driven off by heat. When anhydrous, 
it consists of . 

Tartaric acid 1 atom .. 66 .....+ 57.90 
Potassa.,,.+.. 1 ditto .— 48 .<..+. 42.10 


114 100. 

Super-tarirate, or bi-tartrate of potassa.—TIf into a solution of 
the neutral tartrate of potassa we pour a solution of tartaric 
acid, a white powder falls down in great abundance, which is 
a compound of the neutral salt, and an additional quantity of 
acid. The tartaric acid, in this proportion, even separates 
potassa from the mineral acids. Thus by adding tartaric 
acid to the muriate of potassa, we obtain a precipitate of the 
bi-tartrate of that alkali. 

The substance, which is known in commerce under the 
name of tartar, is an impure variety of this salt. When puri- 
fied by solution and reecrystallization, it affords white crystals, 
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the form of which has been particularly described by Dr. 
Wollaston, and Mr. Brooke.* ‘These crystals, reduced into 
powder, become the cream of tartar of the shops. 

Bi-tartrate of potassa has the specific gravity 1.953. It 
requires for its solution a very large quantity of water, not 
less than 60 parts at 60° Fahr. or 14 at 212°. Hence its 
solution in hot water deposits the salt, on cooling, so rapidly 
and in such quantity as almost to resemble precipitation. 

Bi-tartrate of potassa, it is. observed by Gay Lussac,+ 
acts, in many cases, like a simple acid, and even dissolves 
oxides that are insoluble in the mineral. acids and in the 
tartaric acid. .He proposes. its use, therefore, in mineral 
analyses, 

From the experiments of Berzelius, the composition of 
bi-tartrate of potassa may be stated at 

ACE PS ETE OMTOAT TET Te FOO 
Potassa G07) 24080 Sw S88 
Water's. eoS, ORS 


Paeetesnas 


100. 


The proportions, most consistent with the relative wieets 
of sir acid and base, are, exclusive of water, 
ye OAYCaTIC BUIG. © APOUIS —s Nive, FOZ ce oe ae, FOO 
VOUGRSA secs LUO cesses BO evesce GOshL 


oe ee ee 


me (LEQ 100. 
In the tartrate, then, we have 100 base + 137.5 acid 
— bi-tartrate.......... 100 ++ 275. 


In the bi-tartrate, is found also a quantity of water, which 
appears essential to the constitution of the salt; for it cannot 
be separated by heat, without decomposing the acid. Its 
proportion, indeed, is as nearly as possible that of an atom, 
for 95.25:4.75::180:9 very nearly. We may consider the 
crystallized bi-tartrate then as constituted of 1 atom of 
bi-tartrate + 1 atom of water, though the proportion of water 
is stated by Dr. Thomson to be 2atoms. (First Princ. ii. 264.) 

_ When 100 grains of bi-tartrate are incinerated, so as to 


* Thomson’s Annals, x. 37. and N.S, vil, 161. 
T Ann. de Chim, et Phys, iii, 281. © 
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destroy the acid, the alkali obtained is exactly sufficient ‘to’ 
neutralize 100 grains of the crystals dissolved in’ water; a 
proof that the potassa in the acidulous salt is combined with 
twice’as much acid as in the neutral compound. | 
' By the destructive distillation of 1000 parts of bi-tartrate of. 
potassa, Fourcroy and Vauquelin obtained, exclusively of 
gaseous products, of acid, and of oat? * | 
Pure dry sub-carbonate of potassa........ 350 
mpatrate Of slime Voce Ne a enh oy. CHG) 
PSEIRCE 12s popyaln yi lle ls Pod tee oS ORLG yeblaAieD, Gas 
Adumina woe. ONC iL. Si i Gate sea aes 
TronanQunarivanesee: AS Lehane aE 76 
Tartrate of potassa ayd soda may be formed by neutralizing 
94 parts of cream of tartar with 18 parts of sub-carbonate of 
soda. The resulting salt is well known, from its being 
employed in medicine under the name of Sel de Seignette, or 
Rochelle Salt. The forms of its crystals, arising from the 
modification of a right rhombic prism, are represented by 
Mr. Brooke, Ann. of Phil. N.S. v. 451. It requires, for 
solution, about five parts of cold water, but much less at the 
boiling temperature. From the experiments of Vauquelim it 
appears to be composed of 54 parts of tartrate of potassa, and 
46 parts of tartrate of soda. The proportions of 1 atom of 
tartrate of potassa:-+ 1 atom of tartrate of soda would require 
that it should consist of 
Tartrate of potassa ....ceee eee 53.73 
Tartrate of ‘soda icc. cteit ies AGT yi 


ood 


100. 
' Tertrate of soda, formed by saturating tartaric acid with car- 
bonate of soda, crystallizes in fine needles, which are soluble 
in an equal weight of cold water. They consist of 1 atom of 
acid, 1 atom of base, and 2 atoms of water. On adding a 
quantity of tartaric: acid equal to that in the neutral salt, we 
obtain bi-tartrate of soda. - 

Tartrate of ammonia forms riglieiuke prisms, mf s have 
a bitter taste, are very soluble in water, and, on the addition 
of a farther proportion of tartaric acid,’ are converted into an 
insoluble bi-tartrate. ater : ' 


* Ann, de Chim, lxiy. 43, 
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' Tartrate of lime is formed, in the process for preparing tar- 
taric acid, by adding carbonate of lime to a solution of bi- 
tartrate of potassa. It is white, tasteless, and almost insoluble 
in cold water, but soluble in 600 times its weight of boiling 
water, and in most of those acids that form soluble compounds 
with lime. According to Berzelius (94 Ann. de Chim, 179), 
it consists, when dried at a gentle heat, of 


Tartaricacid.... 50.55 .... latom .... 66 
TARE ls Cade) GLUE. 6c e LL Cons os ee 
WV ater... os cic dale «ge 1e5 Livin oon, RCOROING 6 aca aU 


100. 130 


. And the anhydrous tartrate of lime will be represented by 
66 + 28°= 94. 

« Tartrate of baryta may “me formed by mixing a solution of 
prea tartrate of potassa with one of muriate of baryta. A 
compound falls down, which is insoluble in water, but. dis- 
solves in acetic acid, and in nitric and muriatic acids. It is 
anhydrous when carefully dried, and consists of an atom of 
each element. The bi-tartrate of baryta forms transparent 
crystals, consisting of 1 atom of base, 2 atoms of acid, and 
2 atoms of water. | 

Tartrate of stronttia may be formed also by double decom- 
position. It dissolves in 320 parts of boiling water, and crys- 
tallizes from its solution in rhomboidal prisms. According to 
Vauquelin it consists of 47.12 acid + 52.88 base. 

Tartrate of magnesia is insoluble, and consists of 1 atom of 
base, 1 atom of acid, and2 atoms of water. Itis more saline 
to the taste than tartrate of lime, and is fusible by heat. satin 
is also a bi-tartrate which is more soluble. 

Tartrate of alumina may be prepared by acting with tartaric 
acid on fresh precipitated alumina. It is not crystallizable; 
but when evaporated, forms a mass resembling gum, consist- 
ing of 1 atom of acid, 1 atom of base, and 1 atom of water. 

Tarirate of manganese—Tartaric acid, when heated in solu-: 
tion with black oxide of manganese, is decomposed, and car-: 
bonic acid is disengaged, a colourless solution of denitenkly of 
manganese being formed. 
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- Tartrate of zinc, produced. by the direct action of tartaric 
acid on zinc, is a salt of difficult solubility. 

» Tartrate of iron may be formed, either directly by acting on 
metallic iron with tartaric acid, or by mingling solutions of 
tartrate of potassa, and proto-sulphate of iron. The com- 
pound forms lamellar crystals, which are sparingly soluble in 
water. By exposure to air, they pass to the state of pertartrate. 

Tartrate of tin has not been examined. 

Tartrate of tin and potassa may be formed, by boiling oxide 
of tin in solution of bi-tartrate of potassa. It is very soluble, 
and is not precipitated by alkalis, either pure or carbonated. 

Tartrate of antimony and potassa has already been described 
in the section on antimony. 

' Tariraie of cobalt.—Tartaric acid dissolves oxide of cobalt, 
and forms a red crystallizable salt. 

Tartrate of bismuth is precipitated in an ee white 
powder from the salts of bismuth. 

Tartrate of copper forms a blue sediment, on dropping tar- 
taric acid into sulphate or muriate of copper. 

‘Tartrate of lead is best obtained, by adding tartaric acid or 
neutral tartrate of potassa to acetate oflead. It is an insoluble 
white powder, and is constituted, according to the analysis of 
Berzelius, of ih 


Tartaric acid ...... 37.5 .... latom .... 66 
Protoxide of lead .. 62.5 ....1 ditto ...,. 112 


a et \ 


100. 178 


Tartrate of mercury is an insoluble white compound, which 
becomes yellow by exposure to the light. . A triple salt may 
also be obtained by boiling in water six parts of cream of 
tartar, and one part of oxide of mercury. 


Pyro-tartaric A aci 


When tartaric acid, or bi-tartrate of potassa, is distilled 
alone in a retort, a large quantity of combustible gas escapes ; 
an acid liquid passes over ; and, towards the close of the pro- 
cess, a white sublimate appears, and concretes on the top of 
the retort. The acid liquor, when evaporated, also deposits 
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crystals, and these, as well as the sublimate, areithe pyro-tar- 
taric acid. Its taste is extremely sour; it dissolves readily in 
water ; and furnishes crystals by evaporation ; and its crystals, 
when heated, first melt, and then sublime in a white smoke, 
leaving no residuum. 3 

T hé watery solution does not immediately precip tite 
acetate of lead or nitrate of mercury; but from the former 
solution, needle-shaped crystals are, after some time, separated. 
Its compound with potassa immediately decomposes acetate of 
lead, but does not, like tartrate of the same base, decompose 
the salts of baryta and lime; nor does it form, with an excess 
of acid, a difficultly soluble salt. 

From these characters, which differ essentially both sles 
those of tartaric and acetic acids, we may probably consider 
the pyro-tartaric as a distinct and peculiar acid. (See Ann. de 
Chim. lxiv. 42, or Nicholson’s Journal, xxvi. 44.) 


Art. 5.—Benzoic Acid. 


This acid may be obtained from a substance termed gum 
benzoin or benjamin. It was formerly procured by putting a 
quantity of benzoin coarsely powdered, into an earthen pot, 
which was then subjected to a moderate sand heat. . The ben- 
zoic acid sublimed, and condensed in a cone of thick paper, 
with which the pot was covered. As thus obtained, however, _ 
it was stained by an empyreumatic oil. Another process, 
invented by Scheele, consists in pulverizing a pound and a half 
of gum benzoin with four ounces of quicklime, and then 
boiling them for half an hour in a gallon of water, constantly 
stirring. When cold, the clear liquor is poured off; and what 
remains is boiled, a second time, in four pints of water, the 
liquor being poured off as before. The mixed liquids con- 
sisting chiefly of benzoate of lime, after being boiled to one 
half, are filtered through paper ; and muriatic acid is gradually 
added, until it ceases to produce a precipitate. Finally, after 
having decanted the liquid, the powder is dried in a gentle 
heat, and sublimed from a proper vessel, placed in a sand-bath, 
into cones of writing paper. . 

Benzoic acid is found also in storax, balsams of Peru and 
Tolu, vanilla, cinnamon, and the urine of several graminivorous 
animals, and has been shown by Berzelius to be the charac- 
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- teristic ingredient of the acid obtained by the destructive dis- 
tillation of tallow.. Vogel lately met with it, in a crystallized 
state, between the skin and the kernel of the Tonquin bean, 
and in the flowers of the Trifolium melilotus officinalis. In the 
latter, Vogel thinks that it is sufficiently abundant to be advan- 
tageously extracted for use. (Annals of Phil. xvi. 227.) It is 
deposited, also, from oil of cassia and from the essential oil of 
bitter almonds. (Quart. Journ. xviii. 319.) 

Benzoic acid has a peculiar and not disagreeable odour ; 
and a taste in which nothing of acidity can be discovered, for 
it is rather sweet and aromatic; but it reddens the colour 
of litmus. Its crystals are soft and ductile, and cannot be 
reduced to powder. It is volatilized, in white fumes, by a 
moderate heat. It requires for solution about 24 times its 
weight of boiling water, which, as it cools, lets fall 42ths of 
what it had dissolved. It is soluble in alcohol. By leaving 
an alcoholic solution of it to evaporate spontaneously, it 
shoots into fine crystals, which are flat oblique prisms, per- 
fectiy transparent, and frequently an inch in length, and the 
twelfth of an inch in width, but so thin that two of their sides 
are scarcely perceptible. ‘The angles of the prism are 109° 
and 71°. (Quarterly Journal, vi. 153.) 

The composition of benzoic acid has been investigated by 
Berzelius and Dr. Ure, with the following results : 


Carbon eoeoeonon*#8o6ee@ TA.41 @eeeee 66.74 
Oxygen ......+00s 20.43 ...... 28,32 
Hydrogen e@eene2es ; mt 5.16 @eesesee 494: 


100.* 100+ 


The most simple view of the constitution of benzoic acid, 
founded on the analysis of Berzelius, would represent it as 
constituted of 5 atoms of carbon, + 1 of oxygen, + 2 of 
hydrogen. But this would not agree with the equivalent 
deducible from the analysis by the same chemist, of benzoate 
of lead, which is composed of 93.61 protoxide of lead, + 100 
benzoic acid; numbers to which 112 and 119.64 are propor- 
tional. On the supposition, then, that neutral benzoate of 


* Ann, of Phil, v. 181.5) | ¢ Ure, Phil. Trans, 1822. 
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lead contains an atom of each’ ingredient, the equivalent of 
benzoic acid is 119.64, or, in whole numbers, 120. ., Now 
this agrees very well with the following statement of wen con- 
stitution of benzoic acid: 


LATBOM pun eae 15 BtOMG (oars) -o+ <2 CO 
OXYGEN ws wisiee ee FIO, gee Zh sane ZO 
EOD gia ere, CULO vs ais wn 590 


120 100 


Dr. Ure, by saturating benzoic acid with solution of am- 
monia, deduced 116 for the equivalent of that acid, which, 
according to his view, consists of 


Carbon ........ 13 atoms .... 78 «6. 67.24 
RPEVOCR yn os Lure eB AGILLO 40 i Sin OLS aie gs eon 
EANOROZED 55 b's OX GULO as es 1.0 ‘ease, eee 


116 100. 


In calculating, however, from the ultimate analysis of the 
same substance by different persons, it appears to me that in 
seneral those results are to be preferred, by which the largest 
proportion of carbon is indicated; because it is more probable 
that too little than too much carbonic acid should be found in 
the products of combustion. In this instance, too, Berzelius 
remarks that the volatility of the benzoic acid renders it diffi- 
cult to prevent a small quantityefrom escaping decomposition. 

The compounds, which this acid forms with alkaline and 
earthy bases, called benzoates, are fully described by Hisinger 
in the 40th volume of the Philosophical Magazine, and by 
‘Berzelius in the 90th volume of the Annales de Chimie, and 
those with metallic bases by ‘Tromsdorff, in vol. xi. of that 
work. <A few of the latter have, also, been noticed by Mr. 
Faraday. (Quart. Journal, vi. 159.) 

Benzoate of ammonia may be obtained in featiaeee Geatel 
crystals, which are very soluble, and even deliquescent. ‘This 
salt has been recommended by Berzelius as an excellent re~ 
agent for precipitating peroxide of iron, which it throws down, 
from perfectly neutral solutions, of an orange colour, whereas 
the few other insoluble compounds, which this acid forms, 
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with the oxides of mercury, tellurium, and copper, are white. 
The crystals consist of 1 atom of acid, 1 atom of base,’ and. 1 
atom of water. | 

Benxoate of potassa. The neutral: benzoate forms feather- 
shaped crystals, which are soluble and deliquescent. With 
an additional proportion of acid, a bi-benzoate is produced, 
which crystallizes in small plates and neédles. ‘These require 
ten times their weight of water for solution, redden vegetable 
blues, and have an i sweetish taste. 

Benxoate of soda.—Its crystals are larger than those of the 
similar salt of potassa, and effloresce in the air. They are very 
soluble in water. 

Benzoate of lime forms white shining crystals, requiring 20 
times their weight of cold water for Re but more soluble 
in hot water. It exists 1 in the urine of the cow in considerable 
abundance. — 

Benxoate of baryta, crystallizable, and islam soluble. 

Benxzoate of strontia, little known, but probably soluble 
because benzoate of ammonia does not precipitate muriate of 
strontia. 

 Benzoate of magnesia, crystallizable, and easily soluble. 
~Benzoate of alumina has a sharp bitter taste, is soluble in 
water, and deliquesces in the air. — 

Benxoate of manganese forms thin prismatic crystals, which 
are colourless and transparent, soluble in 20 times their weight 
of water, soluble in alcohol, and constituted of 23.08 oxide 
+ 76.92 acid. 

Benzoate of xine exists in needle-shaped crystals, which are 
soluble in water and alcohol. 

Benzoate of tron is an orange yellow powder, insoluble in 
water. These characters apply to the compound formed by 
adding benzoate of ammonia to solution of peroxide of iron; 
but Tromsdorff states that oxide of iron is readily dissolved by 
an excess of benzoic acid, and forms yellowish crystals which 
are soluble in water and in alcohol. (Ann. de Chim. xi. $16.) 

Benzoate of copper forms deep green crystals, which are 
soluble in water, but not in alcohol. , 
-— Benzoate of lead.—Berzelius describes two salts of lead, ihe 
neutral benzoate, which is a light crystalline powder, sparingly 
soluble in water, and constituted of 49.66 acid, 46.49 base, 
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and 3.85 water; and the sub-benzoate, formed by treating the 
first mentioned salt with solution of ammonia. . The latter. is 
insoluble, and consists of 26 acid + 74 base. If then 1 atom 
of acid be united with 1 of base in the neutral salt, we have i in 
the sub-benzoate $ atoms of base to | of acid. ‘} 

For the benzoates of other metals, as they are of lies 
importance, the reader is referred to the sources of informa- 
tion already quoted. etre 


Art. 6.—The Oxalic Acid 


Is found native in the juice of sorrel, forming a bin-oxelate 
and, as appears from the experiments of Vaugueliny.i in the 
Rheum Palmatum. 


Art. 7.—Moroxylic Acid. 


Mr. Klapr oth discovered this acid, combined with lime and 
extract, in small grains of a yellowish and blackish brow, 
colour, which exude from the trunk of the white mulberry, 
morus alba, L. It was collected, by Dr. Thomson, from trees 
in the botanic garden at Palermo; and seems peculiar to those 
individuals that grow in hot climates. From its origin, it has 
been called, by Klaproth, moroaylic acid.* 

To obtain the acid in a separate state, the small grains, in 
which it occurs, were decomposed by acetate of lead, and to 
the insoluble precipitate, diluted sulphuric acid was added, 
From the liquid, fine needle-shaped crystals were obtained by 
evaporation, which had the taste of succinic acid; were not 
altered by exposure to air; dissolved readily in water and in 
alcohol; but did not, like succinic acid or its salts, precipitate 
metallic solutions. "When heated in a retort, these crystals 
first yielded a little acid liquor, and then sublimed unaltered, 
adhering in colourless and transparent crystals to the top and 
neck of the retort. 

The compounds, which this acid forms with bases, have 
been called moroxylates. 


Arr. 8.—Laccic Acid. ree 
This, in strictness, should be classed among animal acids. 
It is obtained from the white lac of Madras, from which, 


* See Nicholson’s Journal, 8vo. vii. 129. 
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when liquefied, it oozes out in drops. It isin the form: of a 
reddish liquor, having a slightly bitter saltish taste; but, on 
evaporation, it shoots into acicular crystals, which are soluble 
in water, alcohol,'and ether. It may be raised in distillation. 
It combines with carbonates of lime and soda, and excites 
effervescence. It precipitates lead and mercury from their 
solutions, but neither lime-water, nor the nitrates of silver ar 
baryta. It assumes, however, a green colour with lime-water, 
and a purplish one with, sulphate of iron. A full account of 
its properties, and of those of the substance that affords it, 
may be found in Dr. Pearson’s paper in the asaaeba tn 
Transactions, 1794. 


Art. 9.—Phosphoric Acid 


_ Exists in almost all vegetable substances, and particularly 
in all the varieties of grain, not, however, in a free state, but 
in combination chiefly with potassa and lime. Hence the coal 
of almost all kinds of seeds affords phosphorus by distillation, 
a fact originally observed by Margraaf, and contra by the 
experiments of Saussure.* 


ART. 10. —The Prussic Acid 


Has been discovered in water distilled from bitter almonds, 
from the leaves of the laurel, and from peach blossoms, and 
from the bark of the prunus padus. When the distilled liquid 
is neutralized with potassa, a crystallizable salt is obtained, 
the solution of which throws down prussian blue from the 
salts of iron. Wauquelin, also, obtained prussic acid by dis- 
tilling water, with a very gentle heat, from the kernels of 
apricots.} 

Art. 11.—Boletic Acid: 

This acid was first obtained by Braconnot, from the juice 
of the boletus pseudo-ignarius.t . 'The juice was. boiled, filtered, 
and evaporated cautiously, to the consistence of syrup. This 
was repeatedly digested in alcohol ;\ the insoluble portion was 
dissolved in water, and precipitated by nitrate of lead. The 
white precipitate, thus obtained, was mixed with water, and 


* Nicholson’s Journal, SXV. 279. + Annales de Chemie, xlv. 206, 
{ Thomson’s Annals, ii. 469. 
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decomposed by sulphureted hydrogen gas. ‘The peared being 
evaporated, yielded crystals of Serbo bbl 

The crystals, when purified by solution in alcohol, slidiret 
crystallization, are white, and have the shape of irregular 
four-sided prisms. ‘They require 180 parts of water at 68° to 
dissolve them, and 45 parts of alcohol. The aqueous solu- 
tion reddens vegetable blues; precipitates nitrate of lead; and 
throws down the peroxide, but not the protoxide of iron, from 
its solutions. Nitrates of silver and mercury afford with it a 
white precipitate. 

With the alkalis and earths, it unites, and forms a class of 
salts, which may be called boletates. 


Art. 12.—Zumic Acid. 


An acid was discovered, some years ago, by Braconnot, in | 
vegetable substances,* which have undergone the acetous 
fermentation... He first procured it from rice, which had been 
lefi, mixed with water, at a gentle heat, till it had become 
sour. When drained in a woollen bag, a liquid passed through, 
which gave acetous acid by distillation. Continuing the eva- 
poration, almost to dryness, a gummy substance was left, 
having a decidedly acid taste... This was digested in alcohol ; 
and the solution, evaporated to the consistence of syrup, be- 
came a granular crystalline mass with a strongly acid taste. 
It still, however, contained a salt with. base of lime. The 
excess of acid was, therefore, neutralized by oxide of zinc; 
the salt obtained was decomposed by baryta; and the baryta 
precipitated by sulphuric acid. The liquor, being now care- 
fully evaporated to a syrup, left an uncrystallizable, almost 
colourless, acid, nearly as strong to the taste as the oxalic. 

With potassa and soda, this acid gave deliquescent salts, 
soluble in alcohol; and, with ammonia, a crystallizable salt. 
It formed, with lime, a salt, which required 21 times its 
weight of water for solution; with strontia, a salt soluble in 8 
parts of water; with baryta a gummy substance; and, with 
magnesia,. small granular crystals, which were not soluble in 
less than 25 parts bok water. 

Dr. Thomson, in the 5th edition of his oan of ‘Chemis. 


* 36 Ann. de Chim. 84. 
VOL. Il. R 
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try proposed for this acid the name of Zumic Acid, from tun, 
leaven ; but its title to be considered as a distinct compound 
has’ been rendered doubtful, if not annulled, by the experi- 
ments of Vogel, who finds that it closely resembles the lactic 
acid of Scheele and Berzelius. (Ann. of Phil. xii. $91.) 


Art. 13.—Rheumic Acid, 


_A new acid was announced by Mr. Henderson as existing 
in the stems of garden'rhubarb; but he candidly admitted the 
possibility of bile (Thomson’s Ann. viii. 247), and Las- 
saigne afterwards proved (Ann. de Ch. et Phys. viii. 402), that 


the supposed new acid is merely the oxalic, united with some 


impurities, which disguise its characteristic properties. 


Art. 14.—Kinic Acid. 


When yellow Peruvian bark is macerated in cold water, 
and the infusion concentrated and set apart for.some time in 
an.open vessel, a salt crystallizes from it in square or rhom- 
boidal plates; having no taste; soluble in five parts of cold 
water; and insoluble inalcohol. From this salt, first obtained 
by M. Deschamps, jun. of Lyons, Vauquelin separated the 
lime by oxalic acid, and concentrated the remaining liquor to 
the consistency of a syrup, which he set aside for a week, 
when, on touching it with a glass rod, it crystallized at once 
into divergent plates. Its colour was slightly brown; its taste 
extremely acid and rather bitter ; and it was readily soluble in 
water. It is distinguishable from other vegetable acids by its 
forming a soluble salt with lime, and by its not oat pe x 
silver or lead from their respective solutions.* 

Beside the acids which have been described, there are a 
few others, the titles of some of which, to be considered as 
distinct compounds, are so doubtful that it may be sufficient 
merely to enumerate them. 

The meconic acid is described in connection with the sub- 
stance, morphia, with which it is associated. 

The isaguric acid, obtained by Pelletier and Caventou from 
St. Ionatius’s bean (Ann. de Ch. et Ph. viii.), approaches most . 
nearly in its properties to the malic. 
ei gr Rt PER Sa toe eo Ne ee ee 


* Ann, de Chim, lix, 162, 
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The ellagie acid, obtained by Braconnot, and, it should 
appear, before him, by Chevreul (Ann. de Ch. et Ph. ix. 229), 
_is a tasteless white powder, with a shade of buff. Though 
procured from galls, yet it differs essentially in its characters 
from gallic acid. It neutralizes potassa, soda, and ammonia, 
and forms with them salts difficult of solution. When heated, 
it affords a crystalline sublimate. 


iT 
SECTION VI. 
Fixed or Fat Oils. 


1. TueEsE oils are obtained, by pressure, from certain 
_ vegetable seeds, which for the most part have two cotyledons, 
as the almond, linseed, poppy-seed, rape-seed, hemp-seed, &c., 
and from the pulp surrounding the stone of the olive. 

2. As thus obtained, they are liquid, almost tasteless, 
unctuous to the feel, and give a greasy stain to paper, which 
heat does not remove. ‘They are generally combined with 
mucilage, to the spontaneous decomposition of which is chiefly 
owing the change that oils undergo by keeping, called ranci- 
dity. In this state they are viscid, and contain an uncom- 
bined acid, which reddens vegetable blue colours. 

3. They are usually coloured, but may be deprived of colour _ 
by digestion with anjmal charcoal, and by oxides of arsenie 
and of some other metals, but part of the oxide remains united 
with the oil. : 

4. Their specific gravity is commonly between that of alcohol 
and water; generally between .890 and .950, but varying in 
different oils and in different specimens of the same oil. 
Olive oil, for the most part, is of the sp. gr. .913; oil of 
almonds and of linseed .932; and oil of palm .968. Hence 
these oils sink in alcohol, and float on the surface of the water. 
They cannot, by strong agitation, be brought to combine with 
water, but always separate on standing. When the seeds, 
however, which contain them, are rubbed with water, especi- 
ally if a little sugar be added, an imperfect solution is obtained, 
called an emulsion. On adding an acid to this, the oil is de- 


tached, and floats on the surface. 
; R2 
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_ 5. The expressed oils of linseed and of olives, Mr. Brande 
finds, are very sparingly soluble in alcohol of specific gravity 
.820. Four ounce measures of alcohol dissolve a drachm of 
linseed oil. Castor oil is per fectly soluble in every pr Operon 
in alcohol of .820, but not in weaker alcohol.* 

6. Four ounce measures of sulphuric ether of specific 
gravity .7563 are capable of dissolving a fluid ounce and quarter 
of oil of almonds; a fluid ounce and half of olive oil; and 
almost any proportion of castor oil. (Brande.) 

7. Some of the fixed oils congeal, or become solid, by a very 
moderate reduction of their temperature; and others, as palm 
oil, are permanently thick, or form a soft solid like butter, at 
the temperature of the atmosphere. When the congealed oil 
is subjected to pressure betaveen folds of blotting paper, a solid 
remains somewhat resembling wax, to which Chevreul has 
given the name of stedrin; and the paper imbibes a fluid 
which he has called elain.. These principles will be more 
fully described in speaking of animal oil, in which they exist 
in greater abundance and more distinctly characterized. 

8. Oils unite with alkalis, and form soap. ‘The soap, 
however, which is commonly manufactured in this country, is : 
made by combining the fixed alkalis with animal tallow. . Of 
the processes followed in the preparation of soap, both from 
vegetable and animal oils, an excellent description is given in 
Messrs. Aikin’s Chemical Dictionary. A memoir of Chevreul 
on the:Combination of Alkalis with Fat may, also, be con- 
sulted in the 88th and 94th volumes of the Annales de Chimie, 
and in the 16th and 23d vol. of the new series of that work. A 
valuable paper of Colin on the manufacture of hard soap is 
contained in the 3d vol. of Annales de Chimie et de 
Pha ysique. 

Soap is readily soluble in water, and in alcohol, and by 
gently distilling off the latter solvent, the soap is.recovered 
in a transparent state. ‘The watery solution is decomposed by 
acids, and by neutral salts with earthy bases. Hence hard 
waters, which contain earthy salts, curdle soap; their acid 
uniting with the alkali of the soap, and setting the oil at — 
liberty.. When a strong solution of soap is mixed with one 
cS th ie SOLE ee LN FR AS MONE aE Gath AON "GRR AS oe, oy 


* Phil. Trans. 1811, 265, 
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of a metallic salt, a substance is formed, termed a metallic 
soap. ‘The alkali unites with the acid of the salt, and the oil 
with the metallic oxide. 

9. Fixed oils dissolve sulphur, and form a kind of balsam. 
They act also on phosphorus. Both these substances, when 
dissolved in the due proportion of hot oil, crystallize on 
cooling. | 

10. The properties of fixed oils are changed by boiling 
with metallic oxides, those of lead for example. The muci- 
lage unites with this oxide, which probably gives up a portion 
of its oxygen to the oil, and the oil is rendered drying, and 
fit for the use of the painter. If the oxide be added in a 
larger proportion, the mass, when cold, composes a plaster. 

Oils also may be rendered drying, by merely keeping them 
exposed to air, but the change is effected more rapidly by 
boiling them some time in an open iron pot, which gives them 
a higher colour and greater consistency. For some purposes, 
they are occasionally set on fire while boiling, and extin- 
‘guished by covering the pot. ‘This deprives them of their 
unctuosity more completely than any other method; and it is 
always practised with oil intended for printers’ ink, _ ; 

11. Fixed oils do not boil under 600° Fahr. An inflam- - 
mable vapour arises from them under 500°, but this is con- 
densible, and when rectified is highly volatile and inflammable. 
It does not appear that permanent gases are generated from 
oil under 600° Fahr.; but at that temperature, or a little above 
it, water, and olefiant and other carbureted hydrogen gases, 
are formed abundantly, with small proportions of acetic acid, 
carbonic acid, and carbonic oxide. Oil, transmitted through 
tubes moderately ignited, is wholly changed into these pro- 
ducts and carbonaceous matter. 

12. Fixed oils are extremely combustible; and when burned 
in an apparatus, adapted for collecting the products of their 
combustion, they afford nothing beside carbonic acid and 
water. It may be inferred, therefore, that they contain carbon 
and hydrogen, the proportions of which, according to the 
experiments of Lavoisier, are 79 of the former and 21 of the 
latter. From this statement, however, oxygen is excluded, 
which it is certain that all fixed oils contain; for its presence 
is demonstrated by the following experiment of Sir H. Davy. 
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When a globule of potassium is introduced into any of the 
fixed oils made hot, the first product is pure hydrogen, which 
arises from the decomposition of the water absorbed by the 
crust of potassa during exposure to the atmosphere. If the 
globule be previously freed from this crust, carbureted 
hydrogen is disengaged, coaly matter deposited, and a soap is 
formed. To generate the alkali, however, which this soap © 
contains, oxygen must necessarily have been supplied by the 
decomposition of the oil. Sir H. Davy has-also found, in the 
products of their destructive distillation by heat, a proportion 
of water, to the production of which oxygen is essential.* 
Additional evidence of the presence of oxygen in oil has been 
supplied also by Gay Lussac and Thenard’s analysis of olive 
oil, which they find to be composed of 

Cathowr eee eS Pe er CO Pie ee 

Osyeen O05 Pee OR ee ee 

BMyarogen Ts a eo ee 


100. 
The analysis may be differently stated as follows: 
REMPODIL Gyn «fo t.\s ¢ eintiron coveess divala 


Oxygen and hydrogen in the Ne opp 10.712 


portions to form water ... 
Excess of hydrogen .........+++ 12.075 


100. 
Olive oil, then, probably consists of 
10 atoms of carbon...... ROU waglacetree 
1 AOR OF ORV DON sil gas wih tes Mare nce WL 


VAL wtoing OF Dydrogen s,s ales Ll Yee o Le 


79 100. 


Or, supposing each atom of carbon to be associated with 
1 of hydrogen, it will contain 10 atoms of olefiant gas, + 1 
atom of oxygen and 1 of hydrogen, the two latter probably 
constituting 1 atom of water. Hence olive oil must contain 
nine tenths of its weight of the elements of olefiant gas, in 
_ due proportions to form that aeriform compound. 


* Philosophical Transactions, 1808, 
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ods. Nitric acid acts with great energy on the fixed oils. 

In a small proportion, its chief effect is to. render them 
thicker. When distilled with a larger proportion of acid, the 
oil is decomposed, and nitrous gas disengaged; oxalic acid 
remaining in the retort. Red and smoking nitric acid, when 
suddenly mixed with a fixed oil, especially with the addition 
of a little sulphuric acid, occasions a violent combustion. 
Chlorine gas, passed through fat oils, thickens them, and ren- 
ders them tenacious like wax. Acid soap is best formed by 
uniting concentrated sulphuric acid with oil. It lathers with 
water like common soap, but can scarcely be considered as a 
permanent compound, and is of no practical use. 

14. The fixed oils have a singular property, which has led 
sometimes to serious accidents. When mixed with lamp 
black, or with any light kind of charcoal, and even with 
several vegetable substances, as cotton-wool, or flax, the mix- 
ture, after some time, heats spontaneously, and at length 
bursts into flame. ‘This spontaneous combustion -has some-. 
times been observed to take place in the waste cotton, which 
has been employed to wipe oil:from machinery, and been 
thrown aside for a fewhours. It has probably occasioned 
many of the calamitous fires, which have happened in cotton- 
mills, and for which no adequate cause could be assigned.* 


ie 


SECTION VII. 


Volatile or Essential Oils. 


Wir the exception of the oil from the rinds of the lemon 
and the orange, which are obtained by expression, the essen- 
tial oils are procured, by distilling the vegetables that afford 
them, with a proper proportion ey, water. he oil either 
sinks to the bottom, or swims on the surface of the water, 
according to its specific gravity. If the distilled water be 
very long kept, Bucholz finds that the oil is converted into 
mucilage, 

1. These oils have a Leaf and often a fragrant smell, 
and an acrid taste which, however, is in many cases agreeable 


“®* See Journal of Science, &c, v. $67. 
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when they are sufficiently diluted. Their. colours. vary 
exceedingly, not only in different oils, but in the same oil 
according to its age. 

2, They are volatilized by a heat below 212° Fahr. \Herice 
the spot, which they leave on paper, may be removed: by 
holding it at.a small distance from the fire; but the stains 
from expressed oils are permanent. In this hotel their ss 
teration with fixed oils may be detected. 

8. They can, with difficulty, be brought to unite with 
alkalis; and seem indeed to resist Bias bier with those 
bases, until by oxygenation they are converted into resin. 
Hence the necessity for the long and tedious trituration of 
alkali with oil of Barperitinies ‘ehiidnt is required to form the 
compound called ‘Starkey’s soap. 

4, They are all soluble in alcohol, but in different pro- 
_ portions. : a hnerae 

5. They do not unite with water. With the intervention 
of a little sugar, however, they are combinable, in small pro- 
portion, with water. | 

6. When nitric acid is poured upon these oils, especially 
if it has been previously mixed with one fifth or one sixth of 
sulphuric acid, the mixture bursts into a violent flame. This 
experiment requires caution, as the inflamed oil is apt to be 
scattered about. | 

7. Several of them. detonate, when rubbed with chlorate 
of potassa, and take fire when poured into chlorine gas. 

g. Essential oils are thickened by tong exposure to air. 
This is owing, as Dr. Priestley first neue’ to their absorbing 
oxygen, a fact which accounts, in some degree, for the inju- 
rious effects of fresh painted rooms. But they also undergo 
a material change when exposed to the light in close vessels ; 
their colour deepens; they become more consistent and even 
unctuous; and their specific gravity is increased. In this 
case too, the absorption of oxygen probably takes place, for 
the change is more complete, the more air is pipepare | in the 
vessel, sth the oil. 

9. Potassium decomposes the volatile oils sehen’ heated. 
Alkali is formed; a small quantity of gas is evolved; and 
ae is deposited. 

0. When digested with sulphur they unite with it, forming 


f art 
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what have been called balsams of sulphur. These, when 
heated strongly, give a large quantity of sulphureted eee 
gas. 

11. Kssential oils dissolve phosphorus at a digesting situ 
When 1 part of phosphorus and 10 of camphor are triturated 
together, and then dissolved in oil of cloves or some’ other 
essential oil, a permanent solution is obtained called liquid — 
phosphorus, which renders every thing that is rubbed with it: 
luminous without causing combustion. 

One of the most useful and abundant of the essential oils 
is that of turpentine, called commonly spirit of turpentine. It 
is obtained by distilling turpentine and water, in due propor- 
tions, from a copper alembic. It is perfectly limpid and 
colourless, has a strong smell, a bitterish taste, boils at 316°, 
and is extremely inflammable. It is the solvent which is em- 
ployed in making a variety of varnishes, but for purposes of 
nicety it requires to be rectified by a second distillation. 

Dr. Ure analyzed a specimen of sp. gr. 0.888, and set it 
to be composed of 


Carbon 14 atoms...... 84 ...+6+ 82.35 
Fydrogen 10 atoms... 10 ...... 9.80 
APRVOCU EL GLOM ces Os aes alae. FOO 


—— 


102 100. 


When purified by alcohol, it had the sp. gr. 0.878, and 
appeared to be compounded of carbon and hydrogen only, 
and to approach very nearly to the constitution of naphtha. 


(Phil. Trans. 1822.) / 
Camphor. | | 
Camphor is a white, semi-transparent, and highly inflam- 
mable solid; which in some preperties resembles essential oils. 
It is obtained from the lazrus camphora, in’ Japan, and other 
places in the’ East, by distilling the wood along with water, 
After being brought to Europe, it is refined by a second sub- 
limation in vessels of glass, whose shape it takes. In this 
state it has a crystalline fracture, is brittle, has an aromatic 
odour, and a hot acrid taste. Its specific gravity is 0.988. 
Camphor melts at 288° Fahr., and boils at 400°. It is 
volatile, and evaporates spontaneously, and condenses in the 
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upper part of any sass vessel in which it is bopieni in hexa- 
gonal plates or pyramids. 

It is insoluble in water, but communicates its flavour to 
hot water when triturated along with it, especially if a little 
sugar be added. It is soluble to a considerable extent in 
alcohol, which takes up 3-4ths of its weight. On adding 
water, the camphor is again precipitated. It is soluble also 
both in fixed and volatile oils, and in strong acetic acid. 

Sulphuric acid was found by Mr. Hatchett to produce a 
complete decomposition of camphor, and to convert it into 
charcoal, a yellow oil, and a blackish brown resin analogous 
to artificial tan. . (Phil. Trans. 1805.) 

By the action of nitric acid, camphor is acidified. For this 
purpose, camphor is to be repeatedly distilled with four times 
its weight of nitric acid, till about 20 parts of acid have been 
employed.. At each operation, the portion of camphor, 
which sublimes and escapes decomposition, is to be returned 
into the retort. The acid is susceptible of crystallization ; 
the crystals effloresce in the air, and are soluble in 100 times 
their weight of cold, or in 11 times their weight of boiling 
water; they are combustible; and burn with a dense, aro- 
matic smoke; they melt and sublime with a gentle heat, and 
dissolve in the mineral acids. ‘They dissolve also in about six 
times their weight of cold alcohol, or to any amount in boiling 
alcohol; and are not. precipitated by water. With alkalis 
and earths they compose aclass of salts called camphorates. 
Fifty grains of the acid are saturated by 28 of carbonate of — 
lime = 15.7 pure lime. | 

The ultimate analysis of camphor has been performed by 
Dr. Ure, who represents its constitution as follows : 


Carbon ...... 10 atoms .... 60 PEC rame rar ec ye 
OXYZEN 5 aos heatom. «’s.s's% eR Guanes 2, bOeSO 
TAVArOgen, 4 +,5.;9 ALOMS.:isvipi’ DP ere stele e 01008 


vid 100. 


A singular’ substance, very much resembling camphor in 
its sensible and chemical properties, may be obtained by pass- 
ing muriatic acid gas through essential oil of turpentine, 
which absorbs about a third of its weight. The oil of tur- 
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pentine becomes thick, from an abundance of,a white crys- 
talline substance which forms in it. This may be separated. 
by draining off the liquid; and is found rather to exceed the 
weight of the essential oil submitted to experiment.* It is 
white, crystalline, granular, ,volatile in a moderate heat, and 
has very much the smell of camphor. By exposure to the 
air, it soon loses its property of reddening vegetable blue 
colours. As to the theory of its production, Thenard is of 
opinion that no decomposition of the oil of turpentine takes 
place; but that the muriatic acid unites to it entire. Ordinary 
camphor of commerce, he supposes, from analogy, to be a 
compound of an essential oil and a vegetable acid. 


i 


SECTION VIII. 
Resins. 


Resins are the inspissated juices of certain plants, and are 
generally obtained by wounding their bark. Copal, or lac, 
may be taken as an example. Dragon’s blood, guaiacum, 
mastick, elemi, anime, tacamahac, sandarach, labdanum, resin, 
and turpentine, are also varieties of this substance. Common 
resin, or rosin, is the substance which remains after the distil- 
lation of turpentine. 

1, Resins have generally a sells colour, and are imper- 
fectly transparent. In specific gravity they exceed water. ‘That 
of rosin is 1.080. 

2. They are dry, brittle, and extremely inflammable, and 
emit during combustion a copious and dense smoke. 

3. All the resins are fusible. Common rosin melts at 156°, 
and assumes the consistence of turpentine. If the heat be 
increased it swells up, and becomes filled with bubbles, owing 
to a quantity of water and probably of essential oil which are 
volatilized, At 256° it becomes quite fluid, and, if kept long 
enough at that temperature, it loses all its water, and concretes 
into a reddish yellow resin. (Thomson, Ann. of Phil. xv.) 

4. Resins Sep s 3 in alcohol, ether, and essential oils; but 


* Thenard, Mémoires d’Arcueil, ti. 
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not at all in water, which even precipitates them from the 
foregoing solvents. Of common rosin, alcohol, sp. gr. 0.835, 
dissolves 1-8th of its weight at 60° temperature. 

5. Both acids and fixed alkalis act on resins; the pure 
alkalis most remarkably. ‘The alkaline solution is clear, and 
may be diluted with water without decomposition; but acids 
immediately precipitate the resin. By mixing it with a solu- 
tion of a metallic salt, the oxide is precipitated in combination 
with resin. Alkaline carbonates also dissolve resin when 
boiled along with it. The alkaline solutions have the proper- 
ties of soap. Into common brown soap, indeed, a portion of 
resin always enters as an ingredient. Ammonia acts but feebly 
as a solvent of these bodies. 

6. By long continued and repeated digestion with nitric 
acid, the resins afford a deep yellow solution, which has the 
property of precipitating animal gelatine, and agrees, there- 
fore, with tannin. No oxalic acid is obtained by this process, 
a circumstance which distinguishes the resins from all other 
vegetable substances. ( Hatchett, Phil. Trans. 1805.) 

7. Concentrated sulphuric acid dissolves the powdered 
resins. If the solution be digested in a moderate heat, sul- 
phurous acid is first evolved; in a few days this ceases; and 
a black porous coal remains, equal to from 40 to 70 per cent. 
of the weight of the resin which has been employed ; whereas, 
by incineration in close vessels, little more than =1,th part 
their weight of coal is obtained. In the latter case, the char- 
coal is carried off in combination with hydrogen. 

Acetic acid dissolves resins, which are precipitated from it 
by the addition of water. 

8. Resins are the bases of varnishes, and are much used i in 
medicine. 

There is a remarkable want of agreement between different 
statements of the composition of the same kind of resin, - 
arising, probably, from actual differences of the substance 
itself. Common resin afforded, in an analysis by Gay Lussac 


and Thenard, 


Carbon.... 75.944'.... = 15 atoms .... 90 
Oxygen OAM TSaS Eo. set Bo aOR a ee 
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But Dr. Thomson’ (Ann, of Phil. xv.), analyzing it by 
peroxide of copper, obtained 


Cogan Ba. 1 > cs oh os 240 BtOMIS | ee 
PRY CM ne ALO. fae On sg eee 
Hydrogen .. 11.59 .... = 11 Ol es uote 


100. 95 


And resin which had been heated to 276°, and had lost a 
quantity of water, and probably of. essential oil, afforded 


Carbon ...... 48.98 .... = 4 atoms .... 24 
Oxygen...... 48.98 92000 =°9! dol°O™- vO 84 
Hydrogen), A605 2:049 R01 Naas 8, BE 


Dr. Ure states the following as the results of his. analysis 
of resin : 


Carbondé i f)875.0007¢ . ati S itoms!?outy. 48 
Oxyoen sl uti 2aOoae te fhnydoscl aes 8 
Peditpartiiu:’ 12.50) ¥ tio ees 87 ‘dor tis srfaies 


100. 64: 


Statements, so much at variance with each other, sufficiently 
show that the ultimate analysis of resin still requires a fresh 
appeal to experiment. 

In the analysis of copal, also, there is some disagreement, 
though less considerable, between the results of MM. Gay 
Tana and Thenard, and those of Dr. Ure. Copal consists, 
according to a 


: Carbon. Oxygen. Hydrogen. 
Gay Lussac and Thenard .. 76.811 .. 10.606 .. 12.583 
Dr. Ure, from experiment .. 75. Sys Btn s mien B68 
Ditto, from theory ...... eT AC ties wedhlOat sinks Sd 


In the theoretical view, the carbon is increased, on account 


of the difficulty which was experienced in burning it com- 
pletely by peroxide of copper. Thus modified, its constitution 
may be represented by 10 atoms of carbon + 1 of oxygen + 
7 of hydrogen, and its equivalent by the number 75. 


254 VEGETABLE SUBSTANCES. “CHAP. X, 


Native balsams are liquid resins, het in combination a 
proportion of benzoic acid.* 

Gum resins, along with resin, have an admixture of ex- 
tractive matter. They dissolve partly in water, and partly in 
alcohol. They are almost solely used in medicine, Asafcetida, 
gum-ammoniac, aloes, gamboge, myrrh, opium, &c., are va- 
rieties of gum-resin.+ 

Guaiacum was observed by Mr. Hatchett.to differ from 
other resins in giving oxalic acid by the action of nitric acid, 
and very little tannin. In other respects, also, it has been 
since shown, by Mr. Brande, to possess properties that do not 
agree with those of resins in general. (Phil, ‘Trans. 1806.) 

Amber is a resin possessed of peculiar properties. It is 
found in some places beneath the surface of the earth, and in 
others on the sea coast. It is hard, brittle, nearly trans- 
parent, sometimes almost colourless, but generally of a. pe- 
culiar yellow colour, which has been called amber yellow. Its 
specific gravity is 1.065; it is insoluble in water; but alcohol 
by long digestion takes up about 1-8th of the amber, and 
forms a solution which is rendered milky by adding water. 
The residue .is not soluble.in alcohol. Amber is soluble in 
boiling solution of potassa, and after a length of time in alka- 
line carbonates. 

“Weak acids do not act on amber. Sulphuric acid converts 
it into a black resmous mass. Nitric acid dissolves it, but no 
oxalic acid is formed. After being melted, it becomes soluble 
in linseed oil, and forms amber Ra BE 

By distillation per se it yields a distinct acid, ‘called the 
succinic, which has been found, also, in some varieties of tur- 
pentine.—To prepare this acid, let a glass retort be: half 
filled with powdered amber, and the remainder with fine dry 
sand.{ Lute a receiver, and apply a gentle heat. A portion 
of water first comes over, which is succeeded by a weak acetic 
acid, The succinic acid then sublimes; but is contaminated 


 *® See 69 Ann. de Chim. 293. 3 
~ + The reader, who may wish for further information respecting the gum- 
resins, may consult Braconnot’s Memoir in the 28th vol. of Nicholson’s 
Journal; and Pelletier’s,in the 80th vol. of Annales de Chimie. « 

} Useful directions for this process are given by Robiquet and Colin, 
Ann. de Chim, et Phys. iv, 326, See also Ann. of Phil, xv. 388, 
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by a mixture of oil. It may be purified by solution and crys- 
tallization; and it then forms transparent white shining 
erystals, having the form of triangular prisms. They are 
anhydrous, and require for solution nearly 100 times their 
weight of water; they dissolve also in, boiling alcohol. The 
solution reddens the blue colour of turnsole, but not that of 
violets, and has an acid taste. It combines with alkalis, &c., 
and forms succinates, the most important of which is the suc- 
cinate of ammonia. This salt decomposes all the persalts of 
iron; and affords an insoluble precipitate, composed of suc- 
cinate of iron. Hence it is highly useful in the analysis of 
mineral waters. 
Berzelius states the composition of the succinic: acid as 
follows : 
Hydrogen... 4.512 .... = 2atoms .... 2 
Garbon: 12% 4 7.GOD:  oiecmsg oid QUOT te Oe 
Oxygen .... 47.888 .... = Sditto ...,°24 


100.* | 50 

By experiments on its compound with, peroxide of iron, 
Dr. Thomson, also, deduces 50 to be) the equivalent of suc- 
cinie acid. It isremarkable that the atomic weight of succinic 
acid not only agrees exactly with that of acetic acid, but that 
both acids are constituted of the same .elerhents in the same 
proportions, Nor does this at all impeach the accuracy of 
the analyses which have been made of these acids, since a 
difference of properties, it has been already shown by the 
example of the compounds of carbon and hydrogen, may 
arise from some other cause than difference of proportion, 
and may possibly depend on the peculiar mode in which the 
constituent atoms are grouped together. 

Succinate of potassa crystallizes in three-sided prisms. It 
is bitter, very soluble, and deliquescent. 

Succinate of soda forms beautiful transparent crystals, the 
form of which is described Ann..of Phil. vi. 286. They 
have a bitter taste, are not deliquescent, are less soluble than 
the foregoing salt, and are constituted of 1 atom of acid, l 
atom of base, and 6.atoms of water. 

Succinate of ammonia does not readily crystallize, but may 


\ 


* 94 Ann, de Chim. 189. - 
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be obtained in small needles, which have.a sharp bitter, taste 
and may be sublimed without decomposition. Its solution pre- 
cipitates peroxide of iron of adeep red colour. It also throws 
down baryta and mercury; and with the oxides of lead, copper, 
and perhaps some other oxides, forms white precipitates, which 
are dissolved on adding a large quantity of water. It is much 
employed as.a test of iron. 

Succmate of baryta is an alent insoluble compound. hen 

Succinate of strontia forms crystals as fine as sand, , which 
are considerably more soluble than the last mentioned. salt, 
and their solution precipitates barytic salts. 

Succinate of magnesia is deliquescent and not Pn FN 

Succinate of See crystallizes in. prisms, 

Succinate of manganese | forms rose red crystals, insoluble in 
alcohol, and requiring 10 times their weight of water for 
solution. _ ! | 

_ Succinate of iron, formed by. adding succinate of ammonia 
to the solution of any salt containing peroxide of iron, is 
insoluble in water. In 100 parts it contains 38.5 peroxide. 
To estimate the quantity of base, Dr. Thomson advises to 
multiply the weight of the precipitate, dried as perfectly as 
possible without decomposing it, by 0.444, which. gives the 
peroxide of iron. To estimate the acid, multiply by 0.555. 
(Ann. of Phil. N.S. ii. 141.) 

Succinate of lead, formed by double decomposition, consists, 
according to Berzelius, of 30.9 acid + 69.1 protoxide, or of 
100 acid + 222 base. By digesting this compound in liquid 
ammonia, he obtained a sub-succinate consisting of 100 acid + 
666 base. In the first salt we have an atom of each element; 
in the second 1 atom of acid + 3 atoms of base. 


— 


SECTION IX. 


% 


Farina, Starch, or Fecula. 


Srarcu may be obtained from the flour of most varieties of 
grain, from the roots of the potato, and from almost every 
part of vegetables, by a very simple process. The grain, in 
the state of fine powder, or the root well rasped, is to be 
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washed with a quantity of cold water, which becomes turbid ; 
and, if the fecula is white, milky. The fecula, however, is 
not dissolved, but merely suspended mechanically ; and, after 
separating the fibrous and grosser parts by a sieve, it subsides © 
to the bottom of the vessel. The liquid, which contains the 
soluble parts of the vegetable, is to be decanted, and the 
farina to be washed by repeated affusions of cold water. It 
may, afterwards, be dried in a gentle heat. 

When starch is prepared in the large way, the grain itself 
is steeped in water, till it becomes soft, and yields a milky fluid 
on pressure. It is then put into coarse sacks, which are 
strongly pressed in vats filled with water. The sacks are then 
removed, ‘and the starch subsides to the bottom. Being 
suffered to remain some time, the supernatant fluid ferments, 
and acetous acid is formed, which dissolves the impurities, and 
leaves only the starch. The process is fully described in the 
29th vol. of the Phil. Magazine. On drying, the starch 
splits into columnar masses of a small size, forming Dowel 
of considerable regularity. 

From the analysis of Dr. Pearson* we learn that 100 parts 
of the fresh potato root, deprived of skin, afford 


Water @oeeveveoeerteovnee eee oe 68 to Tae 
Meal eeexvsesevoeoeereeoveene eee oo 32 to 23 


100. 100. 


The meal is composed of three distinct substances; viz. 
Pas oe aes eicnr tat a ave Le 
PAO OM es BET es ates. piniw arn oie Oy. 0 
Extract or mucilage.......... 5 to 6 


28 32 


Some useful information respecting the quantity of starch 
in different varieties of the potato, and the methods of sepa- 
rating it, has been given by Mr. Skrimshire in the 21st vol. 
of Nicholson’s Journal. In this root, according to Dr. 
Peschier, it is accompanied also by sugar. (Ann. of Phil. xii. 
337.) ‘The proportion of starch in sound and unsound grain, 


* Repertory of Arts, iii. 383. The analysis of several varieties of the 
potato by Lampadius may be seen in Thomson’s Annals, v. 39. 
VOL, II. 8 
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and the causes of unsoundness in corn and flour, have been 
ably investigated by Mr. E. Davy, in a memoir published in 
the 49th volume of the Philosophical Magazine. Of rice, 

~ starch constitutes, according to Braconnot, from 83 to 85 per 
cent.* 

Common starch, though not absolutely free from iia 
may be taken as a fair ehaitelt of this substance. It will be 
found to have the following qualities. 

1. It is not soluble in water, unless when heated to 160°; 
and if the temperature be raised to 180°, the solution coagu- 
lates into a thick tenacious transparent jelly. By evaporation 
at a low heat, this jelly shrinks, and at length forms a trans- 
parent brittle substance closely resembling g cum. The solution 
of starch in a large quantity of water is precipitated by Gou- 
lard’s extract of lead; but not by any other metallic’ salt. 
The watery solution of starch, when left exposed to the air, 
becomes mouldy and sour, probably in consequence of the 
production of acetic acid. 

2. Starch is insoluble in alcohol and in ether. 

3. Pure liquid alkalis act on starch, and convert it into a 
transparent jelly. ‘The alkaline compound is soluble in 
alcohol. It is decomposed by acids, and the starch is recos 
vered. 

4, Sulphuric acid dissolves starch slowly; sulphurous acid 
is evolved; and so much charcoal is disengaged, that the 
vessel may be inverted, without spilling its contents. Diluted 
sulphuric acid has no action on starch. 

5. Concentrated nitric acid, at the temperature of the 
atmosphere, acts on starch, and dissolves it; but no oxalic 
acid appears subsequently, unless the mixture be heated. 
Hot nitric acid is decomposed by starch, and oxalic acid is 
generated. 

6. Asolution of one part of starch in 90 parts of water is 
not affected by lime water, nor by strontitic water, but barytic 
water occasions a copious white flakey precipitate, which is 
redissolved by adding muriatic acid in excess.  Silicated 
potassa effects no change in solution of starch. 

7. Starch is dissolved by a hot infusion of nut galls, but.as the 


* Ann, de Chim, et Phys, iv. 383, 
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solution cools, it becomes opake, and deposits a curdy precipi+ 
tate, which is again dissolved by a heat of 120° Fahr. and 
deposited again on cooling. This precipitate is composed of 
tan and starch, which seem capable of uniting in several pro-. 
portions. Its alternate solution by a temperature of 120°, 
and re-appearance on cooling, Dr. Thomson considers as 
characteristic of starch. (System of Chemistry, iv. 71.) 

Starch, as it exists in grain, is spontaneously convertible 
into sugar. On this property is founded the process of 
malting. 

The grain, from which malt is most commonly prepared, 
is barley. In this grain, Proust has discovered, beside the 
ingredients of wheat, a peculiar substance, nearly resembling 
saw-dust in its external characters, to which he has given the 
name of hordein.* ‘This substance may be separated from © 
starch by the action of hot water, in which it is quite inso- 
luble. During the process of malting, its proportion is con~ 
siderably diminished, and it appears to be partly converted 
into sugar, or into starch, as will appear from the following 
comparative analysis of malted and unmalted barley. 


In 100 parts In 100 parts 
of barley. of malt. 


PEGI ius cite ibielele, olsioks ils Wie eeeceteis me alt 
Carrere dD). Aah rcis ohne a Abas ibte scotia eatcui 
Sugar cesseerere 5 cevsevereyer 15 
Seiten 5. tities oni © theiscinecaaana el; & 
EO a7 bans oie OM Toe Diekhl= bors @ Oe 
POPC OL Di, sisices Dias bene oa cere 


Tt appears, then, that the formation of malt consists in the 
increase of gum, sugar, and starch, and the diminution of 
gluten and hordein. The starch, that remains after malting, 
is found changed in its properties; for it does not as before 
yield a viscid paste, capable of gelatinizing on cooling. The 
process of malting is not, however, essential to the produc- 
tion of alcohol from grain; for in the Scotch distilleries it has 
long been common to use a large proportion of unmalted 
barley; and M. Clément, by direct comparative experiments, 
obtained equal quantities of alcohol by fermenting the infu- 


* Ann, de Chim. et Phys, v, 337. 
s2 
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sions of equal weights of malted and of unmalted grain.* 
As, however, the proportion of crude grain is increased, the 
process appears to become more and more delicate, and the 
production of alcohol is more liable to be interrupted by the 
acetous fermentation. The practicability of converting 
starch at once into alcohol, without passing through the inter- 
mediate state of sugar, is proved also by the large proportion 
of alcohol. which may be obtained by. fermenting potatos, 
225 pounds of which yield about $4 pints of alcohol, sp. gr. 
0.935. (Ann. de Chim. et Phys. xiii. 288.) The spirit 
obtained from unmalted barley has a peculiar odour, which is 
owing to its holding in solution a yellow solid oil, separable by 
carefal distillation} of the alcohol. 

The loss of weight sustained by grain in malting, which 
Proust states at one third, Dr. Thomson asserts is greatly 
over-rated, and that it did not, on an average of 50 processes, 
carried on under his inspection upon a large scale, exceed one 
fitth. ‘The hordein of Proust, he considers as starch under 
some modification, which is changed, by malting, partly into 
true starch, and partly into sugar.{ 

Another method of converting starch into sugar was dis- 
covered by M. Kirchoff of St. Petersburg. The change is 
effected by the action of diluted sulphuric acid, when boiled 
for many hours, with starch and water. The process has 
been successfully repeated by several persons, and among the 
rest by M. Vogel § and by Dr. Tuthill of London.|| The 
latter digested a pound and half of potato starch (obtained 
from 82 pounds of potatos) ‘six pints of distilled water, and a 
quarter of an ounce by weight of sulphuric acid, in an earthen 
vessel, at a boiling heat; the mixture being frequently stirred, 
and kept at an uniform degree of fluidity by the supply of 
fresh water. In 24 hours ‘here was an evident sweetness, 
which increased till the close of the process; at the end of 34 
hours an ounce of finely powdered charcoal was added, and 
-the boiling kept up two hours longer. The acid was then 
carefully saturated by recently burned lime; and the boiling 


*.-* Ann, deChim. et Phys. v, 422. + Thomson’s Annals, xii. 35. 
{ Annals of Philosophy, x. 389. § Ann, de Chim. I. 82. 
|| Nich. Jour. vol. 33. 


/ 


SECT. IX. . FARINA, STARCH, OR’ FECULA. 261° 


continued for half an hour, after which the liquor was passed 
through calico, and the substance, remaining on the drainer, 
washed repeatedly with warm water. This, when dry, weighed 
seven eighths of an ounce, and consisted of charcoal and 
sulphate of lime. The clear liquor, being evaporated to the 
consistence of syrup, and set aside, was in eight days con- 
verted into a crystalline mass, resembling common brown 
sugar with a mixture of treacle. The saccharine matter, 
which Dr. Tuthill judged to be intermediate between cane 
sugar and grape sugar, weighed one pound and a quarter. 
By fermenting one pound of this substance! in the usual 
manner, and distilling and rectifying the product, fourteen 
drachms by measure of proof spirit were obtained. 

The differences between starch sugar, and common sugar 
from the sugar cane, have been pointed out by Nasse. Starch 
sugar assumes the form of spherical crystals like honey. It is 
not so hard, nor so sweet, nor so soluble in water, as common 
sugar. When it is digested with an alkaline carbonate, a ~ 
precipitation of mucilage takes place; and the same precipi- 
tation is occasioned from a solution of starch sugar by muriate 
of tin. The solution of starch sugar ferments without the 
addition of yeast, which is not the case with common sugar.* 

It had been demonstrated, by Professor de la Rive of 
Geneva, that in the formation of sugar from starch, no gas is 
evolved; that the alteration of the starch goes on in close 
vessels without the contact of air; and that no part of the 
sulphuric acid is either decomposed, or united to the starch 
as a constituent. These results were afterwards confirmed by 
the experiments of M. Theodore de Saussure,t who has fur- 
ther shown, that the sugar which is obtained, exceeds, by 
about one tenth, the original weight of the starch. He con- 
cludes, therefore, that the conversion of starch into sugar is 
nothing else than the combination of starch with water in a 
solid state, a conclusion which is strengthened by the results 
of analyzing those two substances, viz. 

, Carbon. Oxygen. Hydr. Azote. 


48.31 | 5.90 | 0.40 
55.87 | 6.84 | QO. 


In starch were found...... 45.39 
In starch sugar .......... 37.29 


* Thomson’s Annals, vii, 47. + Ibid. vi. 424. 
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In 100 parts of starch, the oxygen and hydrogen are suffi- 
cient to form 50.48 parts of water, with an excess of 3.76 
oxygen. In starch sugar, the same principles exist in quan- 
tities sufficient to compose 58.44 parts of water, being an 
increase of nearly 8, and there is still an excess of 4.26 parts of 
oxygen. 

8. Starch, by being long kept in a state of mixture with 
water, either in vacuo or with the access of air, undergoes a 
series of changes which have been attentively investigated by 
Vogel and Saussure. Vogel found that starch and water, 
kept during four days in ebullition, became much more fluid, 
and that a liquid drained from it when placed on a linen cloth, 
which was mucilaginous and bitter, but not in the least degree 
saccharine. ‘The -residuum was. insoluble in water, and 
resembled horn. Saussure* left a paste formed of starch and 
12 times its weight of water exposed to the air with a wide 
surface during two years. It had then become a grey liquid, 
covered with mould, free from smell, and having no action 
on vegetable blue colours. The starch had lost nearly one 

fourth of its weight, and the remainder was converted into 
the following substances: 


1. Sugar, amounting to one half of the starch. 

2. Gum, or rather a substance resembling it, and ana- 
logous to what is obtained by slat starch. 

3. Amyline. 

4. Starchy lignin. 

5. Lignin mixed with charcoal. 


Amyline (called amydine by Saussure) is intermediate 
between gum and starch. It is soluble in boiling water, and 
the solution yields by evaporation a pale semitransparent 
brittle substance, insoluble in alcohol, but soluble in ten times 
its weight of cold water, and to any amount in water at 144°. 
The solution is coagulated into a white paste by sub-acetate 
of lead. When treated with iodine, it assumes a blue colour. 
It is precipitated by barytic water, but not by fixed alkalis, 
by lime-water, nor by infusion of galls. 

Starchy lignin.— When the residue of the spontaneous de- 


* Phil, Trans, 1819. 
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composition of starch has been washed successively with cold 
and hot water, with alcohol, and with diluted sulphuric acid, 
an alkaline ley, containing 1-12th its weight of potassa, still 
takes up a further portion. From this solution, diluted sul- 
phuric acid precipitates a light brown combustible substance 
having the appearance of jet. It gives a blue colour to the 
aqueous solution of iodine, a property which, together with 
its solubility in a weak alkaline liquor, distinguishes it from 
common lignin. It is not impossible, however, that the effect of 
iodine may depend on the presence of a small quantity of starch. 

9. When strongly heated, starch becomes first yellow, and 
afterwards assumes a reddish brown colour ; it softens, swells, 
and exhales a penetrating smell. If the process be stopped, 
a substance is the result, which is employed by calico-printers 
under the name of British gum. Its solution is not turned 
blue by iodine. This substance, however, Vauquelin finds, is 
not a true mucilage; for with nitric acid it gives only oxalic 
acid, and no mucic acid.* Lassaigne, by evaporating its 
aqueous solution to dryness, obtained a brownish yellow viscid. 
matter. When boiling alcohol was digested with the dry 
mass, a fawn-coloured solution resulted, and this, by evapora- 
tion, gave.a residuum which was only in part soluble by 
alcohol. The insoluble portion was taken up by water; and 
the solution, on evaporation, yielded a product very similar 
to the gum which exudes from some trees, at the period when 
they ripen their fruit. Even this gummy matter, however, 
gave only oxalic acid, without a trace of mucic or lactic acid, 
and differed therefore from true gum. 

10. Starch, distilled in close vessels at a high temperature, 
yields an acid, which has been called the pyro-mucous, but 
which, in fact, is nothing more than vinegar holding an ory 
reumatic. oil. in oreecn 

11. When four parts of starch, and one of finely powdered 
prussian blue, are intimately mixed, and then boiled in a con- 
siderable quantity of water, a liquid is obtained which, if 
heated with a solution of sulphate of iron, mixed with an 
equal volume of solution of chlorine, forms a very fine prussian 


* 80 Ann. de Chim. 317, See also Annals of Phil. v. 38, xvi, 87, and 
Ann, de Chim, xc, 29, 
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blue. The starch by this combination appears to be changed 
in its nature, and converted into an imperfect kind of gum. 
(Ann. of Phil. xiii. 69.) 

_ 12. When starch and iodine are triturated bigbthesy bathe 
in a dry state, the starch assumes a violet tint, which passes 
to blue or to black, according to the proportions that are em- 
ployed. The colour of this ioduret, or iodide of starch, is 
reddish, if the starch be in excess; a. beautiful blue, when: the 
two bodies are in due proportion ; and black, when the iodine 
prevails. ‘This compound i is soluble in diluted sulphuric acid, 
‘and the liquor is of a fine blue colour. Concentrated sul- 
phuric acid, also, dissolves it, and the solution is brown, but 
passes to a beautiful blue on the addition of water.. There is 
also a sub-ioduret of starch, which is white, but becomes blue 
by the. action of almost any acid.* 

Starch from wheat has been analyzed by Gay Lussac oink 
Thenard, and that from potatos by.Berzelius, and. the near 
coincidence of their results, obtained by different methods, is 
a strong presumption in favour of their accuracy, as wellas 
of the uniformity of this substance, from whatsoever source it 
may be obtained. Starch consists, 


Carbon. Oxygen. Hydrogen. 
Adeeaing to Gay Lussac, of .... 43.55 ..49.68 .. 6.77 - 
| —RBerzelius, .. of .... 43.481 ..48.455 .. 7.064 


Dr. Ure found starch to consist of 38.55 carbon, + 6.13 
hydrogen, ++ 55.32 oxygen; but as he acknowledges that the . 
starch submitted to his experiments had not Ween chemically 
dried, it is probable that they indicate too little carbon ae 
too much oxygen. 

The equivalent of starch, if deduced ‘from its ultimate 
analysis, would approach very closely to that of sugar. It is 
probable, indeed, that in this, as weli as in other instances of 
vegetable compounds, the difference consists merely in the 
manner in which the elementary atoms are arranged; a view 
of the subject with which the conversion of starch into sugar, 
by processes not attended with the evolution of any gaseous 
products, is perfectly consistent. Berzelius investigated the 
equivalent of starch, by examining the composition of the 


* Colin and Gaultier de Claubry. 90 Ann. de Chim, 100, 
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insoluble amylate of lead, formed by mixing a boiling solution 
of potato starch with one of sub-nitrate of lead. (Ann. of Phil. 
v. 272.) ‘This he found to consist of 72 parts of starch + 28 
of oxide of lead; and, reasoning from its composition, he 
infers that starch must be constituted, either of 6 atoms of 
oxygen + 7 of carbon + 13 of hydrogen, or of 18 atoms of 
oxygen + 21 of carbon + 89 of hydrogen. In this case, the 
same agreement does not exist between the number deducible 
from ultimate analysis and from a compound of the entire 
substance with oxide of lead, as in the instance of sugar ; for 
the equivalent, most consistent with the first supposition, would 
be not less than 103; whereas that for sugar is only 81. In 
this, as in various other cases, where the constitution of organic 
substances is concerned, it is better to wait for the further 
progress of science, than to rest satisfied with equivalent 
numbers, which are not supported by the concurrence of ‘dif- 
ferent methods of investigation. | 

Beside:the starch of thie cerealia and of potatos, the followed 
ing varieties of this substance are also met with. 

Indian arrow root is obtained from the roots of the Maranta 
Arundinacea, L. a plant cultivated in the West Indies. ‘The 
roots, first well washed, are beaten in large and deep wooden 
mortars to a pulp. This is thrown into a tub full of clean 
water, where it is well worked with the hands, and the fibrous 
parts are wrung out and thrown away. ‘The milky liquor is 
passed through a hair sieve and allowed to settle, and the clear 
liquor drained off. ‘The powder at the bottom of the vessel is 
again repeatedly washed, and then dried in the sun. 

Sago is prepared from the pith of a palm- ~tree (Cycas cir- 
anata L.) which grows spontaneously in the East Indies. 
The pith is scooped out, diluted with water, and passed through 
a straining bag, which detains only the fibrous matter. The 
sago is Bled to settle, and when partly dry is granulated by 
ae cing it through apertures of the proper size. Its colour i is 
odeasiened by zhi: heat.used in drying it. 

Cassava and Tapioca are prepared from the roots of the 
Jatropha Manihat, a plant common in South America. By 
pressure, a juice of poisonous quality flows out; yet the sedi- 
ment from it, called, when well washed and dried, Cassava, 
is perfectly innocent; and is made into,a nutritious bread. 
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Tapioca is the same substance, under a different — which 
it assumes in drying. 
- Salop, or Saloop, is the farina obtained from several species 
of Orchis, especially the O. Mascula. It is extracted by pro- 
cesses similar to those which have already been described. 


ees, 
SECTION X. 
Gluten. 


_ GLUTEN may be obtained from wheat-flour, by a very simple 

process. ‘The flour is first to be formed, by the gradual addi- 
tion of a small quantity of water, into a soft and ductile paste. 
This is to be washed by a very slender stream of water, and, 
at the same time, to be constantly worked between the fingers. 
The water carries off the starch, and for some time is rendered 
milky. When it passes off transparent, the washing may be 
discontinued; and the pure gluten remains in the hands. 

The following are the properties of gluten : 

1. It is of a grey colour, of a fibrous structure, and has so 
much elasticity, that when drawn out to several times: its 
length, it recovers itself like elastic gum. It has scarcely any 
taste, and does not melt or lose its tenacity in the mouth. 

_ 2. When exposed to a gentle heat, it dries very slowly, and 
becomes hard, brittle, semi-transparent, of a dark brown 
colour, and somewhat like glue. When broken it has the 
fracture of glass. In this state it is insoluble in water. 

3. When kept moist, it ferments and undergoes a sort of 
putrefaction, emitting a very offensive odour. At the same 
time a portion of acid is developed, which is perceivable by 
its smell, and which considerably retards the putrefaction of 
the gluten. In this circumstance, chiefly, it differs from 
animal gluten or fibrin. 

4. When suddenly heated, it first shrinks; then melts, 
blackens, and emits a smell like that of burning horn. By 
distillation in close vessels, it yields a portion of water im- 
pregnated with carbonate of ammonia; a considerable quan- 
tity of brown fetid thick oil; solid sub-carbonate of ammonia; 
and carbureted hydrogen gas. ‘These products resemble, very 
closely, those of animal substances, especially in the large 
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quantity of azote which they indicate as entering into its com= 
position. It has not, however, been yet analyzed with a view 
to the propor tions of its ultimate elements. 

5. It is generally described to be insoluble in wecbets in 
alcohol, and in ether. After fermentation, it is partially soluble 
in alcohol, and the solution may be applied to the purposes of 
varnish. From the experiments of Dr. Bostock, gluten ap- 
pears, however, by long digestion, to be partly soluble in 
water. The solution is precipitated by acetate and sub-acetate 
of lead, by muriate of tin, and by other re-agents.* 

6. All acids dissolve gluten, and alkalis precipitate it, but 
considerably changed, and deprived of its elasticity. It under- 
goes a similar change when dissolved in pure alkalis, and pre 
cipitated by acids.’ 

Gluten exists most abundantly in wheat-flour, of which it 
constitutes about one-fourth, and ‘is essential to its soundness; 
but it is found, also, in various vegetable juices.t Sir H. Davy 
discovered a larger proportion of gluten in North American 
wheat, than in the wheat of this country; and in general found 
it more abundant in the wheat of warm climates. (El. of Agric. 
Chem. p. 141.) It is in consequence of its abounding in this 
principle, that the wheat of the South of Europe is peculiarly 
fitted for making macaroni and other glutinous preparations. 
The grain containing most gluten is distinguished by its hard- 
ness and great specific gravity. Of particular grains, Sir H. 
Davy ascertained the composition of the following. He found 

Starch. Gluten. 

100 parts of good full-grained wheat) _ 

sown in Autumn to afford... } Ad s>tiryedtt 
100-parts of wheat sown in Spring .... 70.... 24 
100 parts of Barbary wheat .........5. 74.406 23 
100 parts of Sicilian wheat ..... SRE IS ee BI 
100 parts of full and fair Norfolk barley 79.... 6 
1OO"parts of Suffolk Pye's. es PS 


Gliadine and Zimome. 
. From the experiments of M. Taddei, an Italian ahi it 
appears that the gluten of wheat may be decomposed into two 
~# Nicholson's Journal, xviii. 34.—=~«~*~C*~*~*~S:~<“<~CS<ST CS 


. # See Proust on the Green Fecula of Vegetables, Nicholson’s Journal, 
Byo. iv. 273, 
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principles, one of which he has distinguished by the name of 
Gliadine (from ya, gluten), the otha of Zimome. (from top, 
aferment.) ‘To separate them, fresh gluten must be kneaded 
with repeated portions of alcohol, as long as that fluid becomes 
milky by dilution with water. The alcohol. dissolves the 
gliadine and leaves the zimome. | 

By evaporating the alcoholic solution, gliadine is oibiadineds 
forming a brittle, straw-yellow, slightly transparent substance, 
with a weak smell resembling that of the honeycomb, and, 
when gently heated, emitting an odour similar to that of 
boiled apples. In the mouth it becomes adhesive, and has a 
sweetish and balsamic taste. It is pretty soluble in boiling 
alcohol, but the greater part precipitates as the alcohol cools. 
It softens, but does not dissolve in cold water. Its alcoholic 
solution becomes milky on adding water, and is precipitated, 
in white flocks, by alkaline carbonates. Dry gliadine dis- 
solves in caustic alkalis and acids. It swells on burning coals, 
and then contracts like animal matter. . It burns with a bright 
flame, and leaves a portion of charcoal which is difficult to be 
incinerated. 

Zimome is obtained pure by boiling g gluten i in alcohol, or hi 
digesting it in that fluid till it ceases to give out gliadine..- 
‘There remains a shapeless mass, which is hard, tough, desti- 

tute of cohesion, and of an ash-white colour. Ate being: 

washed with water, it recovers part of its viscosity; and be- - 
comes brown when left in contact with air. It is specifically 
heavier than water. It does not ferment like gluten, but 
putrefies, exhaling a foetid urinous odour. At a boiling tem- 
perature, it is soluble in vinegar and in the mineral acids. It 
combines with potassa, and forms a kind of soap. Lime 
water, and solutions of alkaline carbonates, harden it, and give | 
it a new appearance. It inflames when thrown on red_ hot 
coals, and emits an odour similar to that of burning hair or 
hoofs. (Ann. of Phil. xv. 390, xvi. 88.) - 

M. Taddei has since discovered that powdered guaiacum is 
a test of the presence of zimome. When well kneaded with 
good wheat flour and a little water, and then exposed to the 
air, the guaiacum becomes of a very fine blue colour. Starch. 
does not evolve this colour, and bad flour in only a very small 
degree. But when guaiacum is worked up with gluten, and, 
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still better with pure zimome, the colour instantly appears, 
and is a most superb blue. Guaiacum, however, does not 
become av all coloured by zimome, unless the eontact of 
oxygen be allowed. The powder of guaiacum is, therefore, 
are-agent, capable of detecting the injurious alteration which 
flour sometimes undergoes by the spontaneous destruction of 
its gluten, and also of ascertaining ina general way the pro- 
portion of that principle. (Quarterly Journal, viii. $77.) 


Another ingredient, which was long supposed to be peculiar 
to animal products, viz. albumen, has been discovered in the 
emulsive seeds. In the almond, for instance, 30 per cent. have 
been found, of a substance precisely resembling animal curd.* 


ie 


SECTION XI. 
Caoutchouc, or Elastic Gum. 


Caourcuouc is chiefly the product of two trees, which are 
the growth of Brazil; the Hoevea Caoutchouc and Jatropha 
Elastica. When the bark of these trees is wounded, a white. 
milky juice flows out, which speedily concretes in the air into 
an elastic substance; and, when the juice is applied in succes- 
sive coats, upon clay moulds, it forms the globular bottles, 
which are brought to this country. By an immediate and 
careful seclusion from air, the juice may be preserved some 
time from concreting, and has occasionally been brought to 
Europe in a liquid state. But even when thus preserved, a 
part of it, in the course of time, passes to a solid form. If 
it could easily be imported in a fluid state, it would be inva- 
luable, from its application to the rendering cloth, leather, 
and other substances impervicus to water. 

1. Caoutchouc is inflammable, burning with a bright flame 
in atmospherical air, and with still greater brilliancy in oxygen 
gas, or in chlorine gas. | 

2. Caoutchouc fuses at a heat which is not much below that 


.* Thomson’s Annals, xii. 39. 
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required for melting lead. In this state Mr. A. Aikin finds» 
that it may be brushed over iron or steel instruments, and that 
it forms @ transparent coating which effectually preserves them 
from rust. ‘The best method of melting it for this purpose is 
in a kind of copper flask, containing a horizontal stirrer or 
agitator, which is kept in motion by a handle rising above the 
flask. (Gill’s Technical Repository, i. 54.) 

3. It is insoluble in water and in alcohol. If long slips of 
caoutchouc, however, are tied spirally round a glass or metal 
rod, and boiled for an hour or two, the edges cohere, and a a 
hollow tube is formed. 

4. Caoutchouc is soluble in ether; not, however, in the 
ordinary state of this fluid as it is found in the shops. To 
render ether a fit solvent of this substance, it should be puri- 
fied by washing it with water, in the manner to be hereafter 
described. The solution may be applied to the purpose of 
forming tubes or vessels of any shape. ‘The principal difficulty 
in using it arises from the great volatility of the ether, in con- 
sequence of which the brushes, or other instruments, by which 
it is applied, are soon clogged up, and rendered useless. 

5. Caoutchouc is soluble in volatile oils; but when they 
have evaporated, they leave it in a glutinous state, and de- 
prived of much of its elasticity. In rectified naphtha, it 
swells to more than 30 times its bulk, becomes gelatinous 
and transparent, and finally dissolves. It is thus, also, 
rendered capable of being moulded into tubes. (Ann. of Phil. 
xii. 112.) Petroleum dissolves it, and, when evaporated, leaves 
it unchanged. One of the most active solvents, however, of 
caoutchouc, appears to be the cajeput oil, a substance lately 
admitted into the Pharmacopceia of the London College of 
Physicians. A thick and glutinous solution is obtained, from 
which alcohol detaches the essential oil. The caoutchouc 
floats on the surface in a semi-fluid state, but soon hardens, 
and regains its elastic powers on exposure to the atmosphere. 
To this process, the chief objection is Deeg expensiveness of 
the solvent. 

6. Caoutchouc is acted on by alkalis; and,-when steeped in 
them for some time, loses its elasticity. 

7. The sulphuric acid is decomposed by it; sulphurous hed 
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is disengaged; and charcoal remains. Nitric acid acts on it 
with the assistance of heat, nitrous gas is formed ; mad oxalic 
acid crystallizes from the residuum. 

8. When distilled, it gives ammonia, and hence may be 
inferred to contain azote. A large quantity of olefiant gas 
and of very dense carbureted hydrogen, which burns with a 
remarkably bright flame, are at the same time evolved. 

Caoutchouc, from the analysis of Dr. Ure (Phil. Trans. 
1822), appears to consist of 


SOBYIOTL «cee oe auraind GOMID \ nae.s eae OUONG van 18 
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The oxygen found by analysis is in too small quantity to 
be considered as essential; and we may therefore consider 
caoutchouc as a sesqui-carbureted hydrogen. 


ae) 


SECTION XII. 
The Woody Fibre-—Lignin. 


Arrer removing all the soluble parts of wood, first by long 
boiling in water, and then by digestion in alcohol, a fibrous 
substance is obtained, to which, by some chemists, the name 
of Lignin has been given. From whatever variety of wood 
it may have been procured, its properties appear to be uni- 
formly the same. 

1. It is perfectly destitute of taste, smell, and colour. In 
specific gravity, it is generally inferior to water. 

2. It is insoluble in water, at all temperatures. 

3. The pure fixed alkalis act on the woody fibre, and 
render it soft, and of a brown colour. If equal weights of 
caustic potassa and sawings of wood are heated in a silver or 
iron crucible, stirring constantly, the wood softens and dis- 
solves completely. Water poured upon the product when cold, 
dissolyes the whole of it, and the addition of an acid, in such 
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quantity as barely to neutralize the alkali, precipitates a sub- 
stance analogous to ulmin, (Ann. of Phil. xvi. 92.) 

4. Concentrated sulphuric acid immediately blackens lignin, 
and, after sufficient digestion, converts it into charcoal. ‘When 
dried sawings of hornbeam are mixed and agitated with sul- 
phuric acid, and water is then added, a black powder falls ; 
and the liquid, after being saturated with carbonate of lime’ 
and filtered, yields, by evaporation, a gum in several respects 
analogous to gum arabic. (Braconnot, Ann. of Phil. xvi. 90.) 

5. Nitric acid decomposes lignin with the assistance of heat, 
and oxalic, malic, and acetic acids are formed. 

6. When exposed to heat, lignin affords an acid called the 
pyroligneous, which has been proved to be identical with the 
acetous. (See Chap. xi. Sect. 4. On Acetic Acid.) This acid 
holds in combination a quantity of essential oil, from which 
it.may, by complicated processes, be entirely freed, and, also, 
a small proportion of ammonia. From the last mentioned 
product, it would appear that the woody fibre contains 
nitrogen. ‘lhe pyroligneous acid in its crude state has been 
shown to be powerfully antiseptic, and advantageously appli- 
cable to the preservation of animal food. (Edin. Phil. Journ. 
iii. 21.) The charcoal, which remains in the retort, is greatly 
superior to that procured by the ordinary process; and hence 
distillation in iron cylinders has been, for some time past, 
practised as the best method of obtaining charcoal for the 
manufacture of gunpowder. 

By the distillation of wood in a large scale, Mr. P. ‘Taylor, 
in 1812, obtained a peculiar inflammable and volatile fluid, 
resembling alcohol in some respects, but differing from it in 
others. (Quart. Journ. xiv. 436.) This fluid has been since 
more fully examined by MM. Macaire and Marcet, of Geneva. 
It is colourless and transparent. Its smell is strong, pungent, 
and ethereal, with a flavour of oil of peppermint. Its specific 
gravity, after being distilled from dry chloride of calcium, is 
0.828. It boils at 150° Fahr. When heated, it burns with a fine 
blue flame, without leaving any residue. It contains a small 
portion of acetic acid, from which it may be freed by oxide of 
lead, and by rectification. With water it forms an opalescent 
mixture resembling an emulsion, the component parts of which 
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do not separate on standing. — It is soluble in alcohol, but not 
in oil of turpentine. Camphor dissolves in it with great 
facility. It does not yield either olefiant gas or ether, when 
distilled with sulphuric acid; but nitric acid and chlorine con~ 


‘vert it into ether, endowed with peculiar properties. 


To this fluid MM. Macaire and Marcet have given the 
name of pyrowilic spirit, and have shown that it differs essen- 
tially from the pyro-acetic spirit described by Chenevix. By 
decomposition over ignited oxide of copper, it gave results 
indicating very nearly 6 atoms of carbon, 4 of oxygen, and 7 
of hydrogen. (Ann. of Phil. N.S. viii. 69.) 

7. The woody fibre, by exposure to the atmosphere in a 
perfectly dry state, does not undergo any change. ‘The action 
of the air upon it, however, when moistened, causes it to 
pass through various shades of colour, into a black mould. 
If the process. be carried on in a confined portion of oxygen 
gas, carbonic acid is formed. When excluded from the air, 
even moist wood shows very little tendency to decomposition. 

Gay Lussac and Thenard have analyzed the wood of oak 
and beech, by combustion with chlorate of potassa. The 
wood was taken from the most compact part of a log, reduced 
to fine powder by a file; then sifted and washed in succession 
with water and alcohol; and finally dried, before its admix- 
ture with the chlorate. 


Carbon. Oxygen. Hydrogen. 
100 one of Oak contain 52.53 .... 41.78 .0.. 5.69 


Beech BL. 4hwe. 1p AOS pada 0.88 


In both, the oxygen and hydrogen are in the proportions 
required to form water, and there is no. excess of oxygen to 
acidify any part of the carbon. The atomic constitution of 
lignin, which agrees most nearly with the results of its ultimate 
analysis, is the following : 

Carbon............ 7 atoms .. 42 .4.... 53,86 
Omyaenes:ss). 06 ei sat4e ditto: 5.132) 6.3% 940i 41.02 
Flydrogen.......... 4 ditto ..) 4/..00-. 5.12 


—— 


ia 10 100. 

If deprived, therefore, of 1 atom of water and 3 atoms of 
carbon, the other elements of ey should be convertible 
into acetic acid, 

VOL, Il. T 
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SECTION XIII. 


Colouring Matter. 


I. Tue colouring matter of vegetables presents a consider- 
able variety in its relation to chemical agents, depending on 
the diversity of the basis, or sub-stratum, in which it resides. 
Chaptal has arranged the varieties of the colouring principle 
under four heads. Ist, As it is attached to extractive matter: 
2d, As it resides in gum; in both which cases it is soluble in 
water: 3d, As it exists in farina, or a substance analogous to 
‘it; and in this instance it dissolves most readily in sulphuric 
acid: 4th, The colouring | principle is occasionally inherent 
in resin, and then it requirés alcohol, an oil, or an allcali,. for 
solution. 

IL The extraction of colouring matter from the various 
substances that afford it, and its fixation on wool, silk, or 
cotton, constitute the art of pykinc; the details of which 


would be foreign to the purpose of this work. In this place. 


I shall state only a few general principlés; and refer for more 
minute information to a paper by Mr. Henry in the third 


volume of the Manchester Memoirs ; to the works of Berthollet | 


and Bancroft; and to a memoir of Thenard and Roard, in 
the 74th volume of Annales de Chimie. - 


Before attempting to fix colouring matter on cloth by. th the 


operations either of dyeing or printing, it is essential that the 
linen and cotton shou'd first be completely cleared from every 
thing that can prevent the fixation of the colour, or the sub- 
sequent exhibition of its full effect. ‘This is accomplished by 
the operation of BLEAcHING, the general outline of which is 
extremely simple. ‘The cloth is first steeped in warm water 
to remove the sowens or weavers’ dressing. It is next boiled 
or bowked with a solution of potassa, which. is most economi- 
cally applied in a caustic state, care being taken to use it so 
much diluted.with water, as not to destroy the texture of the 
cloth. The goods, previously wetted with water, are laid in 
a large wooden vat or bowking keir, and the boiling alkaline ley 
is thrown, by a pump, over the surface of the goods, through 
which it penetrates, and, running out at the bottom, is 
returned to the pan and again heated. ‘The cloth is then 
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thoreughly washed, and is next steeped in a very weak. solu- 
tion of chloride of lime, or exposed on the grass, to the action 
of the light and air; then washed, and again bowked; and 
these operations are alternated as often as is necessary. It is 
next immersed in sulphuric acid, diluted with a large quantity 
of water to prevent it from injuring the texture of the cloth, 
and finally washed and dried. A pure white ground is thus _ 
obtained, on which the colours are afterwards displayed to the 
greatest advantage. 

III. Of the various colouring substances, used in the art of 
dyeing, some are capable of being permanently attached to 
the dyed fabrick, and fully communicating their colour to it, 
without the intervention of any other substance; while others 
leave a mere stain, removeable by washing with water. ‘The 
latter class, however, may be durably attached by the media- 
tion of what was formerly called a mordawnt, but has since been 
more properly termed, by the late Mr. Henry, a basis. The 
colours, which are of themselves permanent, have been 
termed, by Dr. Bancroft, substantive colours; while those that 
fequire a basis, have been denominated adjective colours. 

IV: The most important bases, by the mediation of which 
colouring matter is united with wool or cotton, are alumina, 
the oxide of iron, and the oxide of tin. Alumina and oxide 
of iron are applied in combination with sulphuric, or acetic 
acids; and the oxide of tin, united with nitro-muriatic, mu- - 
riatic, acetic, or tartaric acids. In dyeing, the most common 
method is to pass the substance to be dyed through a decoction 
of the colouring matter, and afterwards through a solution of 
the basis. The colouring principle thus becomes permanently 
fixed on the cloth, sometimes considerably changed by its union 


with the basis. In calico-printing, the basis, thickened with 


gum or flour paste, is applied to the cloth by wooden blocks, 
or copper cylinders. ‘The cloth is then dried, and passed 
through a decoction of the colouring ingredient, which adheres 
only to that part of the cloth where the basis has been applied. 
From the rest of the cloth it may be Rae by simple wash- 
ing with water. 

VY. The variety of colours, observed in dyed substances, 
are reducible to four simple ones, viz. blue, red, yellow, and 


-blacks 


1. Indigo is the only substance used in dyeing blue, which 
‘om 
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‘it does without the intervention of a basis. It is the produc- 
‘tion, chiefly, of several varieties of the plant called Indigofera, 
a native of America and of the East and West Indies. The 
plant, after being cut a little while before’ the time of 1 flower- 
ing, is steeped sith water in large vats, where it undergoes 
fermentation. During this process a fine pulverulent pill 
separates, which is at ‘era's green, but becomes blue by expo- 
sure to the atmosphere. The operations, by which indigo is 
separated and collected, are rather complicated, and cannot 
be described without considerable minuteness of detail. A 
good account of them may be seen in Messrs. Aikin’s Che- 
mical Dictionary. In this country, indigo has been extracted 
from the isatis tinctoria, or woad, a plant of indigenous g otowth, 
by a fermentation, similar ‘to that used when it is procured 
from the indigofera. Chevreul, also, by digesting woad in 
alcohol, and evaporating the solution, obtained white crystal- 
line grains, which gradually became blue when exposed to the 
atmosphere. He considers them as indigo destitute of oxygen. 

Indigo is a light friable substance Se a deep blue colour, 
with sometimes a shade of violet or copper. The lightest as 
to weight is generally regarded as the best. It has been sup- 
posed to bea variety of starch or fecula, but it differs from 
that principle in several important particulars. Indigo is vo- 
latile, and may be in part sublimed at a temperature a little 
below that which is required for its decomposition.* Water, 
by being boiled on it, dissolves only about a ninth or a twelfth 
the weight of the indigo. The colouring matter, however, 
remains untouched; and the solution, which appears to con- 
sist chiefly of extract, has a reddish brown hue. The indigo 
of commerce is never pure, but contains variable proportions 
of foreign matter, amounting generally to above half its weight. 
Bergman, in 100 parts of the } est quality, found 
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The earthy matter consisted of baryta and lime in equal 
weights, with silica in the proportion of 1-10th of the whole 
earths. | 

Cheyreul, by acting in succession upon Guatimala pea 
ms water, then with alcohol, and finally with muri- 
atic atid, found its composition to be still more complicated. 
The yellow solution, obtained by hot water, let fall a greenish 
matter becoming blue on exposure to the air, and thus 
acquiting the properties of indigo. After this had ceased, 


green flocks formed and subsided, to which Chevreul gave the 


name of green matter. It is soluble in alkalis, and in alcohol, 
but is not convertible into indigo by exposure to air. From 
the indigo on which water had ceased to act, alcohol dissolved 
a further portion, the greater part of which was the green 
matter, already described, with a red matter, differing only in 
colour, but possessing similar chemical characters. Lastly, 
muriatic acid-dissolved more of the red matter, together with 
lime, alumina, and oxide of iron; and indigo, amounting to 
45 parts from 100, and free from every thing but a little 
silica, remained. 

Good indigo has a deep blue colour, inclining to purple, 
and is destitute both of taste and smell. Water has no 
immediate action upon it, but when long kept in a moist 
state, indigo is decomposed and emits a putrid smell. Alkaline 
solutions and lime water do not dissolve it, unless when fresh 
precipitated. In this state it is soluble also by carbonate of 
ammonia, but not by fixed alkaline carbonates. It is insoluble 
in alcohol, ether, and in fixed and volatile oils. Its appro- 
priate, and indeed only, solvent, appears to be concentrated 


sulphuric acid. When thus dissolved, it is sometimes applied 


directly, in a diluted state, to various fabrics, and dyes what is 
termed a Saxon blue. But, by the abstraction of part of it 

oxygen, indigo becomes soluble in water; and its colour 
changes from blue to green. It recovers the former colour, 
however, on exposure to the air, by again absorbing oxygen, 
to the amount, Mr. Dalton finds, of 1-7th or 1-8th of the 
whole weight of the resulting indigo. Its de-oxydizement is 
effected either by allowing it to ferment, along with bran or 
other vegetable matter; or by decomposing, in contact with 
it, the proto-sulphate of iron by the addition of lime. Sub- 
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stances dyed by indigo, thus deprived of oxygen, are green 
when taken out of the vat, and acquire a blue colour by 
exposure to the atmosphere. By this revival, the indigo 
again becomes insoluble, and fitted, therefore, for affording a 
permanent dye, not removeable by soap or by acids. | 

There appears, however, to be a certain stage of oxygenize- 
ment in indigo, which is essential to the duvelancmetis of its 
blue colour, and any proportion of oxygen either exceeding 
or falling short of this, is equally destructive of its perfect 
hue. Thus diluted nitric acid dissolves indigo, but the solu- 
tion is yellow, and the indigo existing in it is decomposed. 
A thin layer of resinous matter appears, floating in the solu- 
tion. If this be removed, and the solution, after evaporation 
to the consistence of honey, be re-dissolved in hot water, 
filtered, and xnixed with a solution of potassa, yellow crystals 
appear, which consist of the bitter principle united with 
potassa.. These crystals, being wrapped in paper and struck 
with a hammer, detonate and emit-a purple light. If to 
a drachm or two of finely powdered indigo, we add an 
ounce measure of strong fuming nitrous acid, the mixture 
presently becomes hot, nitrous gas is evolved, a stream of 
sparks arises from it, and finally the whole bursts into flame. 
When the action of the nitric acid is moderated by adding an 
equal bulk of water, and the mixture, after being digested for 
some days, is evaporated to dryness, the ornare is soluble 
in water, and contains a small proportion of oxalic acid, with 
a considerable quantity of artificial tan. Benzoic acid may 
also be obtained from the dry mass by sublimation. It appears 
then that by the action of nitric acid on indigo, there are 
generated oxalic and benzoic acids, tan, and the bitter prin- 
ciple. Muriatic, phosphoric, acetic, tartaric, and probably 
other acids, act on indigo only when it is fresh precipitated, 
and then they dissolve it and afford a blue liquid. Chlorine 
destroys its colour, and the same quantity of free chlorine 
discolours always the same quantity of pure indigo. Hence 
a solution of indigo in sulphuric acid has been employed for 
measuring the strength of solutions of chlorine and of chloride 
of lime, in order to reditane their application to the process of 
_ bleaching: and reciprocally a solution, containing a known 
quantity of chloride of lime, may be employed as a test of the 
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strength or value of indigo. ‘The use of this test, however, so 
as to insure accurate results, requires several precautions, 
which have been fully described by Mr. Dalton in the Man- 
chester Society’s Memoirs, vol. iv. N.S. 

To obtain indigo of sufficient purity for accurate experi- 
ments, the yellow solution of indigo de-oxydized by three or 
four times its weight of protosuiphate of iron, and about the 
same quantity of hydrate of lime, which forms the dyer’s blue 
vat, may be agitated in contact with air, which will revive the 
indigo, and precipitate it purified to a certain degree. The 
precipitate may be digested in dilute muriatic acid, which will 
remove a little iron and carbonate of lime. It is then to be 
washed with distilled water, and dried. 

Indigo may be purified more completely by sublimation. 
About ten grains of purified indigo, in lumps of about one 
grain, may be placed in a shallow metallic capsule, of about 
three inches diameter, covered with a similar capsule, the 
concave sides of both being placed inwards, and at a distance 
not exceeding three eighths of an inch in the middle. Mr. 
Walter Crum, of Glasgow, who has published an ingenious 
paper on indigo in the Ann. of Phil. N. S. v. 81, used two 
platinum crucible covers; but similarly shaped vessels of other 
metals answer equally well, ‘The lower capsule is to be heated 
by a spirit lamp; and when a hissing noise, which at first 
attends the process, has nearly ceased, the lamp is to be with- 
drawn, and the apparatus allowed to cool. On removing the 
cover, the sublimed indigo is found planted on its inner sur- 
face, forming long flat needles in quantity equal to 18 or 20 
per cent. of the original weight, and of a brilliant and intense 
copper colour. The colour, however, varies with the circum- 
stances under which the crystals are observed. ‘The specific 
gravity of the sublimate is 1.3. 

_Sublimed indigo is fusible and volatile at a heat of about 
550° Fahrenheit, leaving no residue when heated in open 
vessels. Its vapour is transparent and of a beautiful violet 
colour, differing from that of iodine by a shade of red. The 
melting point of indigo, that at which it sublimes, and that at 
which it is decomposed, appear to be remarkably near each 


other. Boiling oil of turpentine dissolves enough of purified 
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indigo to acquire the same fine violet colour as its er" but: 
deposits it again on cooling. 

_ By the ignition of sublimed indigo with per roniilé si copper . 
in green glass tubes, its analysis by Mr. Crum gave — 
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These numbers correspond very nearly to 


Carbon’.3..° 16 atoms*= 96... or ..3.°73.84 
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Mr. Dalton, adopting a number to represent the atom of 
nitrogen which is only one-half that commonly in use, assigns 
the gillowi ing as the constitution of indigo. 


Carbon ,..... & atoms 48 idi% bore 178.5 
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When indigo is acted upon by strong sulphuric acid, it is 
not merely dissolved, but if heat be applied is, in less than 
25 hours, changed into a new substance. Its colour first 
becomes yellow, owing, Mr. Crum believes, to the acid 
depriving the indigo of its oxygen and hydrogen ; for great 
heat takes place, and the original blue colour is instantly 
restored on the addition of water. No sulphurous acid is 
evolved, nor is there any absorption of oxygen from the air, 
or any separation of carbon. From the solution, diluted 
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with water, potassa: and its sulphate throw down a deep blue 
precipitate, which is soluble in water, and capable of passing 
through a filter, but is not soluble in saturated solutions of 
salts with base of potassa. ‘The precipitate was purified, 
therefore, by washing, first with a solution of acetate of 
potassa, and then with alcohol. ‘The edulcorated precipitate 
has, when wet, a colour of so deep a blue as to appear black ; 
when dry it is copper red. It attracts water rapidly from the 
air; is soluble to a considerable extent in boiling water; but 
requires 140 parts of cold water for solution. Water con- 
taining only ~,-;},>,th of its weight of the precipitate is still 
distinctly blue. ‘The cold solution, diluted with 20 parts of 
water, is precipitated by salts of potassa, soda, lime, baryta, 
strontia, lead, and mercury, and the precipitates are not 
re-dissolved by acids. A variety of other salts that were tried 
were found not to produce the same effect. 

From the analysis of this precipitate, Mr. Crum considers 
it to be a compound of sulphate of potassa with a peculiar 
substance, to which he gives the name of Cerulin, and to the 
precipitate that of Ceruleo-sulphate of Potassa. In its pro- 
perty of forming insoluble compounds with neutral salts, 
cerulin is analogous to tan, which, according to Sir H. Davy, 
has similar effects on several of the salts of potassa. From 
its ultimate analysis, cerulin appeared to consist of 1 atom of 
indigo + 4 atoms of water. 

If the action of the sulphuric acid on indigo be suspended 
before it has gone far enough to produce cerulin, which, at the 
ordinary heat of summer, may be three hours, (at 100 Faht., 
twenty minutes) a new substance altogether different from 
cerulin is produced, possessing rather singular properties. 
One part of purified indigo may be agitated with ten of 
sulphuric acid in a stoppered vial, till it assumes a bottle-green 
colour, then poured into a large quantity of distilled water, 
agitated, and thrown on a filter. On continuing to wash the 
substance on the filter, with more water, the first washings 
are colourless, and must be thrown away; but afterwards a 
blue liquid passes through, which contains the new substance. 
Muriate of potassa precipitates it of a beautiful reddish purple 
colour, exactly similar to that of the vapour of indigo. The 
‘precipitate is to be thrown ona filter, and washed with dis 
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tilled water, till the liquid which passes through forms a red 
precipitate with nitrate ofsilver. Or if the solution of indigo 
in sulphuric acid be kept till it has lost its yellow colour and 
become blue, which happens in a few hours, the addition of 
water precipitates a purple substance quite different from 
indigo. From the property, possessed by this substance, of 
becoming purple coloured on the addition of certain salts, Mr, 
Crum terms it phenecin. | 

Phenecin is soluble both in water and alcohol, and the 
solution in both cases is blue. All saline substances without 
exception precipitate it again of its original colour, but some 
require to be added in much larger proportion than others. 
Acids do not prevent its precipitation. It dissolves in liquid 
ammonia, but fixed alkalis destroy it, though not very easily. 
Sulphuric acid dissolves it, and in due time converts it wholly 
into cerulin. 

From its ultimate analysis, Mr. Crum is disposed to consider 
phenecin as constituted of 1 indigo +:2water. In the forma- 
tion of this substance, therefore, as well as of cerulin, indigo 
appears to combine with water; but whether the sulphuric 
acid is actually robbed of a portion of water, or merely. pre- 
pares the substance for combining with water afterwards, - 
remains to be determined by further experiments. 

2: The substances chiefly employed for affording red 
colours, are cochineal (an insect which has been supposed to 
derive colour from its food, the leaves of the cactus opuntia, L.) 
archil, madder, brazil-wood, and safflower. The first four 
are soluble in water; the last not without the intervention of 
an alkali. They are all adjective colours. Cochineal, though 
its colour is naturally crimson, is used for dyeing scarlet; and 
to evolve the scarlet hue, it is necessary to employ the super- 
tartrate of potassa. The basis, by which it is attached to cloth, 
is the oxide of tin. ‘This may be exhibited by an easy experi- 
ment. A decoction of cochineal will leave only a fugitive 
stain on a piece of cloth ; but if, in the decoction, some super- 
tartrate of potassa has been dissolved, and a portion of nitro- 
muriate of tin afterwards been added, it will impart a perma- 
nent scarlet colour. 

8. The yellow dyes are wild American hiccory, sumach, 
turmeric, fustic, and quercitron bark; which afford various 


+ 


SECT. XIII. COLOURING MATTER, 283 


colours, accordingly as they are combined with the cloth, by 
the intervention of alumina, or of oxide of iron, or tin. Thus, 
with the aluminous base, the-quercitron bark yields a bright 
yellow; with oxide of tin, all the shades, from pale lemon 
colour to a deep orange; and with oxide of iron, a drab 
colour. With the addition of indigo, it gives a green. 

4. A combination of red oxide of iron, with the gallic acid 
and tan, is the principal black colour, which has therefore the 
same basis as common writing ink. In calico-printing, white 
spots, or figures, on a black ground, are produced, ‘¢4 pre- 
viously printing on the cloth a protecting paste of citric, acid, 
thickened with gum or flour. The parts to which this paste 
is applied do not receive the black dye, but remain perfectly 
white. 

VI. The colouring matter of vegetables, besides being 
capable of fixation on Sacks may be obtained in adry form, in 
combination with a base only. Thus if to a decoction or 
infusion of madder in water, a solution of sulphate of alumina 
be added, the colouring matter is precipitated in combination 
with the alumina, forming what is termed alake. For obtain- 
ing this, the following process is given by Sir H. Englefield. 
‘Put two ounces of Dutch crop-madder: into a calico bag, 
capable of holding three or four times that quantity. _ Pour 
on ita pint of distilled water, and triturate, ina mortar, as 
much as can be done, without destroying the bag. ‘The water 
becomes loaded with colouring matter, and is opaque and 
muddy. Pour off this portion, and repeat the operation till 
no more colour is obtained, which will generally happen after 
the fifth or sixth affusion. Pour these several washings into 
an earthen or well-tinned copper pan; and apply-heat till the 
liquor boils. Let it then be poured into a basin; and one 
ounce of alum, dissolved in a pint of water, be added, and 
mixed by stirring. Add an ounce and a half of saturated 
‘solution of sub-carbonate of potassa; a violent effervescence 
will ensue, and the colouring matter will be precipitated. Stir 
the mixture till cold, and wash repeatedly with boiling water. 
About half an ounce of lake will be obtained, containing two 
fifths its weight of alumina. 

Other dle may be obtained, of different colours, by the 
substitution of different dyeing woods; and from the infusion 
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of cochineal, the beautiful pigment called Carmine is. precipi- 
tated by means of a solution of tin. | 


—— <i 
SECTION XIV. 
Tan, Tannin, or the Tanning Principle. 


Tan exists abundantly in the bark of the oak, the willow, 
&c., and in the gall-nut. In barks, the layers next to the wood 
contain the largest proportion ; the middle and coloured part, 
the next; and in this it is accompanied with more extract. 
The epidermis: affords very little. ‘ian exists, also, along 
with gallic acid and extract, in the several varieties of tea, all 
of which afford precipitates with gelatine, but in variable pro- 
portions. (Quarterly Journal, xii. 201.) 

I. Tan may be obtained by any of the following processes; 
but, according to Sir H. Davy, it is difficult to procure it in 
a state of perfect purity. It has, indeed, been doubted by 
several chemical writers, especially by Chevreul and Pelletier,* 
whether tan has ever been obtained sufficiently, pure, to 
entitle it to be considered as a distinct vegetable principle. 
Other chemists, among whom is Dr. ‘Thomson, from consi- 
dering its powers of chemical combination, have arranged it 
among vegetable acids. 

1. Into a strong infusion of Aleppo nut-g galls, pour the 
muriate of tin, till aise yellowish precipitate, which at first falls 
down abundantly, ceases to appear. Wash the precipitate 
with a small quantity of distilled water, and afterwards add a 
sufficient quantity of warm water for its solution. From this 
solution, the oxide of tin is precipitated by a stream of sul- 
phureted hydrogen gas; and the tannin, which remains dis- 
solved, may be procured by evaporation, still, however, com- 
bined with a portion of extract. ‘There is reason, Dr. Bos- 
tock informs me, to believe also that, by this process, the tan 
itself is so much altered as to be scarcely entitled to retain the 
appellation ; and the same remark applies, though perhaps not 
in an equal degree, to the two following operations: 


_ © See 87 Ann. de Chim. 103; and 47 Phil. Mag, 74. 
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2. Into a saturated infusion of galls, pour.a saturated solu- 

tion of carbonate of potassa. ‘The yellowish white precipitate, 
after being washed with a small quantity of water, affords tan. 
When thus prepared, Sir H. Davy observes that tan is not 
perfectly pure, but contains a minute proportion of gallic acid, 
beside carbonates of potassa and lime. 

3. Into a similar infusion, pour concentrated sulphuric or 
muriatic acid. A precipitate will form, which must be re-dis- 
solved in hot water, and the excess of sulphuric acid saturated 
by carbonate of potassa. When a farther addition is made of 
the alkali, the tan falls down, and must be washed with a 
small quantity of water. Beside tan, extract is present in this 
precipitate ; and it still also contains a little gallic acid. 

4. The following process, practised by Tromsdorff, is 
described by Dr. Thomson, (System of Chemistry, iv. 212,) 
as yielding tan of greater purity than any of the foregoing 
methods.’ ‘Three parts of bruised galls were digested with 40 
parts of water for three days, at the temperature of 66° Fahr., 
the mixture being frequently stirred. ‘The whole was. now 
placed on a linen strainer, the liquid set apart, and the resi- 
duum treated as before with 40 parts of water. Four different 
infusions were thus made, all of which were gently evaporated 
together to one-fourth their bulk ina porcelain basin. The 
liquid, being drained through a thick linen cloth, was further 
evaporated to the consistence of a jelly, and placed. upon a flat 
porcelain dish near a stone till it became dry. The dry mass 
was digested with thrice its weight of pure alcohol; and this 
digestion was repeated three times, till the last portion of 
alcohol was found to be free from gallic acid ; and to remove this 
acid effectually, the dry mass was digested, twice in succession, 
with alcohol,’ containing 10 per cent. of water. ‘The tan, 
however, was still considered as contaminated with extractive 
and mucilaginous matter. To get rid of these, the whole was 
dissolved in distilled water, and again evaporated to dryness. 
‘These solutions and evaporations were repeated several times, 
with the view of rendering the extract insoluble; but nothing 
insoluble was thus separated. The last solution, being left 
some time in a warm place, contracted a mouldy scum, which 
was removed. ‘The liquid beneath it, being evaporated to 
dryness, left tan of considerable purity, but still containing 
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sulphate of lime. To separate this, the tan was dissolved in. 
water, and carbonate of potassa added as long as any preci- 
pitate fell. The liquid was then filtered and mixed with ace- 
tate of lead, which threw down a compound of oxide of lead 
and tan. This powder was washed and dried, and being 
diffused in water, a current of sulphureted hydrogen was 
transmitted through it. The lead was thus thrown down in ;. 
union with sulphur, while the tan dissolved in the water. The 
liquid, after being boiled, filtered, and evaporated to dryness, 
gave tan in a state of as great purity as can be obtained from 
nut-galls. 

Gita japonica, or catechu, which is to be met with under 
this name in the druggists’ shops, was found by Sir H. Davy 
to contain about one-half tan, the remainder being a mixture 
of extract, mucilage, and earthy impurities. The purest kind. 
of tan, we learn from the same authority, may be procured by 
the action of a small quantity of cold water on bruised grape 
seeds. A substance, also, introduced a few years ago into 
medicine under the name of Extract 6f Rhatania, consists, 
according to Dr. Bostock, of tan in a purer form than is con=. 
tained in catechu. ) 

In this country, a preference is universally given to oak 
bark, on account of its cheapness, for the purpose of tanning; 
but various other kinds of bark afford tan, as appears from the 
following Table, drawn up by Sir H. Davy, from his own 
experiments : 

Table of Numbers, exhibiting the Quantity of Tan afforded by 
480lbs. of different Barks, which express nearly their relative 
Values : | 

7 dh. 

Average of entire bark of middle-sized Oak, cut inspring.. 29 

=——- Of Spanish Chesnut .........06. 21 
-— of Leicester Willow, large size.... 83 
of Elmo... eee eee. iV Vases 
—_—____——_____——- of common Willow, large........ 11 
of Ash... se cc eee c eee ee ee 16) 
ae OS Bacchi: flee Hy, Caw eb 
—___-_______—- of Hoorse Chesnut .............6. 9 
————__——_——— of Sycamore .........eeeeeeeee D1 
—+— of Lombardy Poplar ..,..:eev008 15 
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———— of Black Thorn .............-.. 16 
of Goppice Oak 34 °vis. weeses seas G2 
—————_—_ —_—_—_—— of Oak cut in autumn .......... 21 
ofiharch cut in ditto siaiiiene ass ehB 
White internal cortical layers of Oak Bark ............ 72 
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_ The inner cortical layers of all barks Sir H. Davy found 
to contain the greatest proportion of tan. The quantity, also, 
is greatest at the time the buds begin to open, and is smallest 
in winter, and after a cold spring. 

As a general average, four or five pounds of Bes oak bark 
are required to form a pound of leather. The operation is 
most perfect when performed slowly; for, if too rapidly ~ 
effected, the outer surface of the skin is soon covered witha 
coat of leather, which defends the interior from change. In 
general, skins, by being completely tanned, increase in weight 
about one-third, the skin and the leather being each supposed 
dry. 

_ II. Tan has the following properties : 

1. When evaporated to dryness, it forms a aed friable 
mass, which has much resemblance in its fracture to aloes, a 
sharp bitter taste, and is soluble in water, both hot and cold, 
affording a deep brown solution, which does not become 
mouldy or undergo any change, when exposed to the atmo- 
sphere at ordinary temperatures, Pure alcohol does not dis- 
solveit; but the addition of a very small quantity of water, 
for instance, of such a quantity as to bring its sp. gr. to 0.818, 
enables it to act as a solvent of tan. 

_ 2.. From this watery solution almost all acids phedaithte tan, 
by forming with if, an insoluble compound. | Nitric acid pro- 
duces, however, a different effect; and, probably by imparting 
oxygen, converts tan into a yellowish brown matter which is 
soluble in alcohol. Chlorine produces a similar change; and 
peroxide of tin converts it into a substance resembling extract, 
probably by communicating oxygen. 

3. Lime water and the alkaline carbonates also throw down 
tan, and the precipitate is a compound of tan with the sub- 
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stance which has been added. Pure fixed alkalis separate tan 
from its concentrated solution, but ammonia has not ‘Re same 
effect. 
_ 4, The watery solution of tan, poured into one of glue (in- 
spissated animal jelly), converts it immediately into a coagulum, 
insoluble by boiling water, which has the elastic properties of 
the gluten of Whidk: Hence infusion of tan is used as a test of 
the presence of gelatine, and, reciprocally, solution of gelatine 
may be used as a test of the presence of tan. 

The solution of gelatine may be prepared for the purpose 
of precipitating tan, by dissolving isinglass in water, in the 
proportion of ten grains to two ounces. The precipitate, 
which has been called tanno-gelatine, consists of 54 jelly and 
46 tan. An excess. of the-solution partly re-dissolves it. It 
is this property, of forming with gelatine an insoluble com- 
pound, not liable to puereaenol: that. fits tan for the Raspes 
of converting skins into leather. 

Dr. mainclit,'4 jun., who has made numerous experiments on 
tan, observed, that the proportion of ingredients in’ this pre- 
cipitate varies very considerably, according to the mode in 
which it is effected; and that insolubility in water is by no 
means one of its constant characters. Dr. Bostock, also, 
‘found that tan and jelly do not unite in any constant propor- 
tion, and that the compound is net, in all cases, insoluble in 
water.* It is soluble in excess of gelatine, and more abun- 
dantly in hot than in cold solutions of jelly. | 

Tanno-gelatine is also soluble in liquid ammonia, and forms 
a dark brown solution, which, when spread with a brush, 
Jeaves a film insoluble in water, oil, or alcohol. The solution, 
by long-keeping, changes its nature, and when filtered and 
evaporated, yields a brittle shining black substance, soluble in 
water and alcohol, but not in ether. From the extreme faci- 
lity with which it yields ammonia on being heated, it is pro- 
bably a compound of that alkali with tanno-gelatine. (Tara- 
day, in Quarterly Journ. vi. 157.) 

Tanno-gelatine, boiled with solution of bi-chloride of mer- 


* See his paper on the Union of Tan and Jelly, NichMteon’s Journal, 
Xxiv. 1. . Fa 
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cury, becomes of a fawn colour, is more soft and pliable in the 
warm fluid, and does not, when exposed to the air, become so 
hard and brittle as unaltered tanno-gelatine. Its colour is also 
much lighter, and of, an uniform brown tint. _ On analysis, it 
yields corrosive sublimate. (Ibid.) 

5. Tan forms with fecula, or starch,*a precipitate which 
is sparingly soluble in cold water, and very copiously in hot 
water. 

6. With gluten tan gives an insoluble precipitate. 

7. It is precipitated by earths and by salts with earthy bases, 
such as the nitrates of baryta, lime, &c. 

8. It is separated also by oxides, such as the oxide of zinc 
_and peroxide of tin, and also by saits with metallic bases, such 
as acetate of lead, muriate of tin, muriate of gold, sulphate 
of iron, tartarized antimony, and muriate of platinum. | 

Green sulphate of iron effects no change in the solution of 
tan, but the red or per-sulphate occasions a dark bluish preci- 
pitate. This precipitate differs from gallate of iron, in being 
decomposed by acids, the tan being sl separated. An ex- 
cess of the red sulphate re-dissolves tie precipitate, and affords 
a black or dark blue liquor, but the precipitate re-appears, 
when the disengaged acid is carefully saturated by an alkali. 
By union with tan, the red sulphate is de-oxidized, the salt 
probably becoming the green sulphate, and the oxygen passing 
to the tan. Tanis capable, also, of uniting with oxide of 
lead, in different proportions, forming a tannate and sub-tan- 
nate of lead.* ‘The tannate consists of 
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100. 


The sub-tannate contains 11 time as much base as the 
neutral tannate. 

Berzelius analyzed tan by the combustion of perfectly dry 
tannate of lead with peroxide of copper. The tannate of 
Jead had been precipitated from infusion of nut-galls. He 
found tan to consist of 
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~ * Berzelius, 94 Ann, de Chim. $19. 
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By Experiment. By Theory. 
Carbon .... 50.55 .... Gatoms .... 36 «... 50.70 | 
Oxyeen ¢.6. 4500 teas 4ditto 160.682. 05.. 86.07 
Hydrogen... 445 44:08 ditto os .8sS Walew : 4088 
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On the supposition that tannate of lead is composed of an 
atom of each of its elements, a much higher number would be 
indicated for tan, viz. 215.43; for 52: 100:: 112: 215.4. The 
équivalent thus deduced is at variance, therefore, with that 
derived from ultimate analysis, unless we suppose that the 
tannate of lead consists of 1 atom of base, united with 3 atoms 
of tan. This would reduce the atom of tan to 71.8, which 
accords as nearly as can be expected with the foregoing num- 
ber. By comparing the composition of gallic acid, as stated 
at page 221, with that of tan, it will appear that the only dif- 
ference between them is that the former contains an atom less 
of oxygen, which would scarcely have been expected in a 
substance possessing more decidedly acid properties than 
belong to tan. 


Artificial Tan. p 


Until within the last ten years, tan had been known only as 
a production of nature; and the processes of chemistry had 
effected nothing more, than its separation from the various 
substances, with which it occurs combined.’ An important 
discovery, however, has been made by Mr. Hatchett, of the 
artificial formation of tan, from substances which unquestion- 
ably do not contain it but only furnish its elements. ‘The 
processes for its. factitious production are very numerous; but 
they are arranged, by their author, under three heads: Ist, 
The synthesis of tan may be effected by the action of nitric 
acid on animal or vegetable charcoal; 2dly, By distilling nitric 
acid from common resin, indigo, dragon’s blood, and various 
other resinous substances ; 3dly, By the action of sulphuric 
acid on common resin, elemi, assafcetida, camphor, &c. Of 
these various processes, I shall select the most simple, refer- 
ring to Mr. Hatchett’s very interesting paper for a fuller detail 
of the experiments.* | 
Pica igen hake a CS) kok Sa Gin ees l 
* See Philosophical Transactions for 1805 and 1806. 
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To 100 grains of powdered charcoal, contained in a 
matrass, add an ounce of nitric acid (specific gravity 1.4) diluted 
with two ounces of water; place the vessel in a sand-heat, and 
continue the digestion till the charcoal appears to be dissolved. 
A copious discharge of nitrous gas will take place. At the 
end of the second day, it may be necessary to add another 
ounce, and sometimes even a third, of nitric acid; and to 
continue the digestion during five or six days. A reddish 
brown solution will be obtained, which must be evaporated to 
dryness in a glass vessel ; taking care in the latter part of the 
process, so to regulate the temperature, that the acid may be 
expelled, without decomposing the residuum. A brown glossy 
substance will be obtained, having a resinous fracture, and 
amounting, in weight, to 116 or 120 grains. This substance 
has the following properties : 

1. It is speedily dissolved by cold water and hy alcohol. 
2. It has an astringent flavour. 3. Exposed to heat, it smokes 
but little, swells iteh’ and affords a bulky coal. 4. Its solu- 
tion in water reddens litmus paper. 5. The solution copiously 
precipitates metallic salts, especially muriate of tin, acetate of 
lead, and red sulphate of iron. ‘These precipitates, for the 
most part, are brown, inclining to chocolate, excepting that 
of tin, which is blackish grey. 6. Gold is précipitated from 
its solution in a metallic state. 7. The earthy salts are pre- 
cipitated by it. 8. Gelatine is instantly precipitated from 
water, in the state of coagulum, insoluble both in cold and in 
boiling water. 

Though this substance has not yet been subjected to 
ultimate analysis, yet its identity with tan can scarcely be 
doubted, since the two bodies agree in having the same cha- 
racteristic properties. The only essential circumstance of dis- 
crimination, is, that the natural tan is destroyed, while the 
artificial is produced, by the agency of nitric acid; and that 
the artificial substance, even when formed, powerfully resists 
the decomposing action of this acid, which readily destroys 
natural tan. Even, however, among the different varieties of 
the natural substance, Mr. Hatchett found essential differences 
in the facility of destruction by nitric acid. ‘Those of oak 
bark and catechu are less destructible; and, in general, the 
varieties of tan seem to be less permanent, in proportion to the 
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quantity of mucilage which they contain. Infusions of facti- 
tious tan differ, also, it has been said, from those of the 
natural kind, in not becoming mouldy by keeping. This 
character, however, is not confirmed by Dr. Bostock, who 
has observed the artificial tan to acquire mould. 

The artificial. substance is a purer variety of tan than the 
natural one; inasmuch as it is perfectly free from gallic acid, 
and from extract, both of which are always present in the 
latter. The properties of the factitious compound vary a ~ 
little, according to the mode of its preparation, principally in 
the colour of the precipitates, which it separates from metallic 
solutions. Those effected by tan, which has been formed by 
processes of the first class, are always brown, and by the 
second, pale or deep yellow. 


SE 


SECTION XV. 


Ir was long supposed that bees’ wax is merely the dust of 
the stamina of plants, unchanged by any process in the economy 
of that animal. This opinion, however, has been lately shown 
by Huber * to be erroneous; for bees, he has proved, continue 
to form wax, when supplied with only raw sugar or honey. 
Little doubt, therefore, can exist that sugar: contains all the 
principles of wax; and that wax is the result of a new com- 
bination of those principles, effected by the animal. 
_ At the same time, it is equally well established, that wax is 
also a product of vegetation. It forms the varnish, which is 
conspicuous on the upper leaves of many trees, and may be 
extracted by first removing from the bruised leaves, by means 
of water and alcohol, every thing that is soluble in those 
fluids; then macerating the remainder with liquid ammonia, 
which dissolves the wax, and lets it fall, on the subsequent 
addition of sulphuric acid, in the form. of a yellow powder. 
This is to be washed with water, and melted at a gentle heat. 
Wax exists, also, in the substance called lac, in combination 
with cclouring matter; and is obtained, in consider ‘able quan- 


* Nicholson's Journal, ix. 182, 
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tity, from the berries of the Myrica Cerifera, by the simple 
process of boiling them in water, and bruising them at the same. 
time. The wax melts and rises to the surface in the form of 
a scum, which concretes on cooling.* 

In its ordinary state, wax of every kind has considerable 
colour.and smell. It may be deprived of both, by exposing 
it, in thin laminee, to the action of the light and air, or still 
more speedily by chlorine gas. It melts at 145° Fahr. When 
bleached it has the following properties: 

1. Its specific gravity is about .960, water being 1.000. 
When heated, it melts at about 155° Fahrenheit, or at from 
7° to 10° higher than unbleached wax, and forms a trans- 
parent fluid, which gradually acquires consistency, till at 
length it returns to a solid state. If the heat be raised, it 
boils; and a portion distils over. By a still higher heat it is 
decomposed, and a quantity of olefiant and hydro-carburet 
gases is developed. ‘The residuum of charcoal bears only a 
small proportion to the wax which has been decomposed. 

2. Wax is insoluble in water, nor is it changed by long 
keeping in contact with water. 

8, Boiling alcohol dissolves about one-twentieth its weight 
of wax, four-fifths of which separate on cooling; and the 
remainder is immediately precipitated by the addition of 
water. Or if the alcoholic solution be cooled 10° or 20° 
below the freezing point, a large quantity of white matter 
separates, which is the wax; and there remain in solution 
the colouring principle, and an acid substance, which strongly 
reddens litmus. This fluid, on evaporation, leaves a fatty 
substance of the consistence of butter, of a yellow colour, 
melting at 116° Fahr. (Quart. Journ. xv. 384.) Boiling ether 
dissolves about one-twenticth of its weight of wax, but lets the 
greater part fall on cooling. : 

4. Caustic fixed alkalis convert wax into a saponaceous 
compound, soluble in warm water. The punic wax. of the 
anciénts was a soap composed of 20 parts of wax and 1 of soda. 

5. A heated solution of ammonia dissolves wax, and forms 
akind of emulsion. On cooling, the wax rises to the surface 
in flocculi. 


* Cadet, Ann. de Chim, vol. xliy. 
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6. Volatile oils dissolve wax when heated along with it} 
but a great part separates again on cooling of a softer consis- 
tence, and probably therefore containing some of the oil. 

7. Fixed oils unite with wax, and form a sort of compound 
well known in pharmacy under the name of cerates. When 
applied to the purpose of candles, the brittleness of wax: is 
corrected by a little tallow. Haat 

8. Acids appear to have very little action on wax, volte 
they are concentrated, and heated, when a mutual wee niclines 
sition ensues. 

From the results of its Sh ictsensiiin! Lavoisier bisfeasil that 
wax consists of . 


82.28 carbon 
17.72 hydrogen 


100. 
Gay Lussac and Thenard, and Dr. Ure, have analyzed 


yellow wax by combustion with peroxide of copper, and de- 
duced its elements to be 
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Oxsygen>.</.,. Gene SOFAS, 10. OE 
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100.* 100.+ 


The atomic constitution most consistent with these results, 
is, , : 
Carbon...... 13 atoms .... 78 .... 80.41 
DEY GCI 9's in oi» TiStOlG aia eae Ca 
PAIVOLOGEU re AL BLOTS, on gnc Miho mele Rian 

97 100. 

But it is not improbable, as Dr. Ure has remarked, that an 
atom more of hydrogen may exist in wax than has been dis- 
covered by analysis, and that it may consist of 12 atoms of 
olefiant gas + 1 atom of carbonic oxide. 

Myrtle wax, it appears from the experiments of Dr. Bos- 
tock, differs from bees’ wax in being more fusible (viz. at 109° 


® Recherches, ii. + Phil, Trans, 1822. 
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Fahrenheit), and in being soluble, to a greater amount, both 
in ether and in alcohol, Dr. John ascertained that it is only 
one part of this wax that is taken up by alcohol, while the 
other remains undissolved. ‘To the first he has given the 
name of cerin. It precipitates again as the alcohol cools}; is 
of the same sp. gr. as water; has the consistency of wax, but 
a much lower melting point, viz. 108° to 110° Fahr. The 
insoluble part, which he has called myricin, is insoluble in 
ether and alcohol at all temperatures. Its specific gravity is 
0,900. ‘The term cerin has also been applied by Chevreul to 
a substance resembling wax, which slowly separates from 
alcchol after being digested on cork. The vegetable wax from 
Brazil, though it appears, from the experiments of Mr. Brande, 
to possess the principal characters of common wax, differs 
from it'in some properties, and also from myrtle wax.* 


—aa—— 
SECTION XVI. 
The Bitter Principle. 


Tue bitter taste of certain vegetables appears to be owing 
to the presence of a peculiar principle, differing from every 
other substance in its chemical properties. It may be ex- 
tracted from the wood of quassia, the root of gentian, the 
leaves of the hop, and several other plants, the fruit of the 
colocynth, &c. by infusing them for some time in cold water. 
The characters of this substance have been attentively exa- 
mined by Dr. Thomson, who enumerates them as follows.f 

1. When water, thus impregnated, is evaporated to dryness 
by a very gentle heat, it leaves a brownish yellow substance, 
which retains a certain degree of transparency. For some 
time it continues ductile, but at last becomes brittle. Its taste 
is intensely bitter. 

2. When heated, it softens, swells, and blackens; then 
burns away without flaming much; and leaves a small 
quantity of ashes. 

3. It is very soluble in water, and in alcohol. 


* Phil, Trans, 1811, p. 267. + System of Chemistrv, 6th edit. iv, 50. 
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. It does not alter blue vegetable colours. 

It is not precipitated iy the watery solution of pees 
baryta, or strontia; nor is it changed by alkalis. 

6. Tincture of galls, infusion of nut-galls, ' and gallic acid, 
produce no effect. 

7. Of the metallic salts, nitrate of silver and acetate of lead 
are the only ones that throw it down. ‘The effect of nitrate 
of silver cannot be ascribed to the presence of muriatic acid, 
since nitrate of lead produces no change in the solution. The 
precipitate by acetate of lead is very abundant ; and that salt, 
therefore, affords the best test for discovering the bitter prin- 
ciple, provided no other substances be present, by which, also, 
it is decomposed. 

Another medification of the bitter principle has been ex- 
tracted, by M. Chenevix, from unroasted coffee. The infusion 
of the berries was mixed with muriate of tin, when a precipi- 
tate appeared, which was well washed, then diffused through 
water, and decomposed by sulphureted hydrogen gas, which 
carried down the tin. ‘The remaining liquid, evaporated to 
dryness, gave a semi-transparent substance not unlike horn. 
This substance did not attract moisture from the air; was 
soluble in water and alcohol, and the solution, on adding alkali, 
became of a garnet red. Solution of iron gave it a fine ereen 
tinge, or, when very concentrated, threw down a green pre- 
cipitate; and muriate of tin occasioned a yellow sediment. It 
was not affected by solution of animal gelatine. 

From the experiments of Mr. Hatchett, it appears that 
the bitter principle is artificially formed, along with tan, by 
the action of nitric acid on indigo. Mr. Donovan has also — 
composed it by the action of strong nitric acid on an equal 
weight of sugar. In the residual matter,’ which is thick and 
tenacious, its presence is disguised by the sourness of the 
malic acid, but becomes sensible when this is neutralized by 
lime. This bitter principle, he conceives, may exist In unripe | 
fruits, and may afford, accordingly as it is modified by vegeta- 
tion, either sugar or vegetable acids.* 

When obtained from indigo, the colour of this principle is 
a deep yellow, and its taste intensely bitter. It is soluble in 


* Phil, Trans. 1915. 
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water and alcohol, and is susceptible of a regular crystallized 
form. It unites with alkalis, and composes crystallizable 
salts. Its compound with potassa detonates when struck with 
a hammer, and inflames like gunpowder when thrown on hot 
charcoal. On the whole, it appears better entitled to rank as 
a distinct principle, than that which is extracted, by infusion, 
from vegetables. 


———S— 


SECTION XVII. 


Of Native Vegetable Alkalis—Morphia, Sirychnia, Brucia, 
Delphia, Picrotoxia, Atropia, Veratria, &c. 


Tae forces, which produce in living vegetables so many 
acids, appear also to be capable of giving rise to a variety of 
alkaline substances, several of which have been discovered and 
identified during the few last years. So far as is yet known, 
the processes, by which they are obtained, effect nothing more, 
than their separation from the vegetables in which they exist 
ready formed. These vegetables are for the most part dis- 
tinguished by very powerful effects on the animal system, 
produced, it should appear, by an alkaline ingredient peculiar 
to each species; and a few of the active principles, thus 
detached, have already become important instruments in the 
hands of the physician. It is chiefly from their habitudes of 
chemical combination, that these new substances are classed 
among alkalis, which they resemble in the power of neutralizing 
acids, and of affording with them compounds analogous to the 
salts, which result from the union of acids with the alkaline 
substances that have been long known. ‘They have all, how- 
ever, weaker aflinities for acids, than belong to alkalis of the 
latter class; their powers of neutralizing acids are extremely 
feeble, and their equivalent numbers consequently very high. 
They are destructible, both when separate and in combination, 
at low degrees of heat; and ammonia is evolved, a sufficient - 
proof of their containing nitrogen. At first they were distin- 
guished by names ending in ime, as morphine, strychnine, 
&c.; but, for the sake of conformity to the nomenclature of 
other alkalis, their names haye since been modified, and the 
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termination in ais now limited to those substances which have 
alkaline properties, that in ine being applied to vegetable prin- 
ciples which are not alkaline. 

Besides these alkalis of feeble energy, it has been discovered 
by Dr. Peschier, of Geneva, that potassa, which had been long 
extracted from the ashes of plants, exists ready formed in their 
juices, and may be obtained by agitating pure magnesia with 
the liquor obtained by pressure or decoction of any part of the 
vegetable, except its fruit. In most plants, the potassa is 
united with oxalic or tartaric acid, which form insoluble 
compounds with magnesia ; but in borage the potassa is com- 
bined with nitric acid, which magnesia has not the power of 
detaching from that alkali. (Ann. of Phil. xii. 336.) 


Art..-1,—Morphia, 


Opium, and other vegetable products possessed of narcotic 
power, are composed af several of the vegetable principles 
that have already been enumerated. Baskdas these, however, 
they contain a peculiar one, in which the narcotic virtue 
resides. Its preparation and chemical qualities were first de- 
seribed by Derosne, in a memoir published in-the 45th vol. 
of the Annales de Chimie. 

1. To obtain the narcotic principle from opium by the pro; 
cess of Derosne, let water be digested upon it, and the strained 
solution be evaporated to the consistence of syrup. A gritty 
precipitate will begin to appear, which is considerably 
increased by diluting the liquid with water. This consists of 
three distinct substances, resin, oxygenized extract, and the nar- 
cotic principle. Boiling alcohol dissolves the resin and narcotic 
principle only; and the latter falls down in crystals, as the 
solution cools ; still, however, coloured with resin. The crystals 
may be purified by repeated solutions and crystallizations. 
They are white rectangular prisms with rhomboidal bases, 
destitute of taste and smeil, soluble in 400 parts of boiling 
water, from which they precipitate on cooling; soluble in 100 
parts of cold, or in 24 parts of hot alcohol, and also in hot 
ether; and fusible at a moderate degree of heat. ‘They unite 
with acids and are precipitated by alkalis. | 
(2. A more complete investigation of the narcotic principle 


has since been published by M. Sertuerner of Himbeck in 
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Hanover, who has recommended the following process for 

obtaining morphia.* Rub together in a mortar eight ounces of 
powdered opium, two or three ounce measures of acetic acid, 

anda little cold distilled water; then add two or three pints 

of water, and strain the liquor. Add to it a solution of 
ammonia, and evaporate the liquor to one fourth. The morphia 

is precipitated, and may be separated by filtration. ‘The | 
liquid part isa compound of ammonia with the acid ingredient 

of opium. : 

3. Another method of separating morphia has been recom- 
mended by Robiquet. A concentrated solution of a pound 
of opium in water is to be boiled with 100 grains of magnesia, 
during a quarter of an hour. A greyish deposit is formed in 
considerable quantity, which is to be washed first with cold 
water, and next with hot and weak alcohol, which takes up a 
small quantity of morphia and much colouring matter, It is 
afterwards washed with a little cold and concentrated alcohol, 
and then boiled with. a sufficient quantity of the same fluid, 
which, at that temperature, dissolves morphia. On cooling, 
morphia is deposited a little coloured; but by repeating the 
operation three or four times, it may be obtained colourless, 
and crystallized in regular parallelopipéeds with oblique faces. 
The average produce of morphia, from a pound of good 
opium, Mr. Brande estimates at about 500 grains or 1-14th 
of its weight, but it is not. probable, he observes, that the 
whole is separated by any process. (Pharmacy, p. 128.) 

Dr. Thomson finds (Ann. of Phil. xv. 470.) that morphia 
may easily be procured, in a state of purity, by pouring liquid 
ammonia into a strong infusion of opium; separating by a 
filter the brownish white precipitate which is formed; evapo- 
rating the infusion to about 1-6th of its bulk, and adding more 
ammonia, which throws down a fresh precipitate. These pre- 
cipitates are impure morphia. To purify it, pour a little 
alcohol upon it, and let the alcohol, which chiefly takes up 
the colouring matter, pass through the filter. ‘Dissolve the 
residuum in acetic acid, and mix the solution, whieh will have 
a deep brown colour, with a sufficient quantity of ivory black, 
After being occasionally agitated during 24 hours, and thrown 


* Ann. de Chim. et Phys. v. 39. + Ibid. v, 379. 
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upon a filter, a colourless liquid passes through, from which 
‘ammonia now precipitates pure morphia in the state of a white 
powder. If this be dissolved in alcohol, and the solution 
slowly evaporated, morphia is obtained in pretty regular 
crystals, the primary form of which is a right rhombic prism. 
(Ann. of Phil. N.S. vi. 118). Besides these processes, 
another of M. Hottot is described in the Quart. Journ. xviii. 
399. 

Pare morphia is perfectly white, has a pearly lustre, is des- 
titute of smell, but has an intensely bitter taste. It dissolves 
in boiling water only in small proportion, but is very soluble 
in heated alcohol and ether, and the solutions are intensely 
bitter. The watery and alcoholic solutions affect test papers like 
an alkali, and Robiquet found this property to be most distinct 
in morphia prepared by the intervention of magnesia, though 
proved, by its complete destruction by burning, to be free from 
any portion of that earth. It forms neutral salts with acids, 
and appears, therefore, to approach closely in its characters to 
an alkali, which it also resembles in decomposing the com- 
pounds of acids with metallic oxides. Acetate of morphia, 
from its ready solubility, appears to afford the best method of 
exhibiting this substance as a medicine. 

Morphia fuses at a moderate heat, and resembles melted 
sulphur. On cooling from this state, it crystallizes. It unites 
with sulphur, but is incapable of forming soap with an oxidized 
oil. , 

Its effects on the human body are those of a most violent 
poison. ‘Three half grains, taken in succession with intervals 
of half an hour by the same person, produced violent vomiting 
and alarming faintings. ‘l’o discover its presence in the con- 
tents of the stomach, or intestines, when it has been inten- 
tionally administered as a poison, directions have been given 
by M. Lassaigne. (Ann. of Phil. N.S. viii, 228.) 

Tinctures of opium, it is observed by Sertucrner, should be 
prepared with pure alcohol, and kept in a place which is not 
very cold; for a low temperature causes a precipitation of 
morphia. ‘The addition of a little acetic acid prevents this 
inconvenience, without diminishing the efficacy of morphia on 
the animal system. 

The following statements have been made of the composition 
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of morphia; but from the want of agreement among them, it 
is probable that the substance operated upon has not in 
all cases been equally pure. 
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100.* 100.7 300.¢ 100.§ 


Till these differences have been reconciled, it would be 
premature to assign the atomic constitution of merphia. Its 
equivaleat number, determined by its saturating power with 
respect to acids, appears to be a ver y high one, probably not 
less than 325. 

Another ingredient of opium is the meconic acid, which, 
according to Rawigaetys is best obtained from the residuum of 
the magnesian salt, left undissolved by alcohol in the process 
for extracting morphia. ‘This residue may be dissolved in very 
weak sulphuric acid, and to the solution muriate of baryta 
may be added. A rose-coloured precipitate falls, consisting 
of sulphate and meconate of baryia. ‘This is to be digested 
a considerable time with hot sulphuric acid largely diluted. 
When the filtered liquor is sufficiently reduced by evaporation, 
the meconic acid shoots, even before cooling, into coloured 
crystals. ‘To obtain it pure, it must be washed with a small 
quantity of water, then dried, and sublimed at a gentle heat. 

This acid is fusible at a temperature considerably above that 
of boiling water. It reddens vegetable blues, and is extremely 
soluble in alcohol and in water. Its distinguishing character 
is that it produces an intensely red colour in solutions of iron 
oxidized to the maximum. Sertuerner did not find that when 
taken into the stomach, it is capable of producing any of the — 
effects of opium. 

The salt of Derosne, it appears from the experiments of 
Robiquet, is not, as Sertuerner supposed, a compound of mor- 
phia and meconic acid. ‘The watery solution of opium, freed 


* Brande, Quart. Journ. xvi. 284. 
+ Dumas and Pelletier, An. de Ch. &c. xxiv, 163. 
t Bussy, Ann, of Phil, N.S. vi. 229.. § Thomson, 
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from morphia and meconic acid, contains another acid 
characterized by a different train of properties, which may be 
separated by a process somewhat circuitous.* This acid is not 
volatile, and has no peculiar action on the salts of iron. With 
morphia it affords salts that are readily soluble in alcohol and 
in water. Morphia and the salt of Derosne appear, from the 
experiments of Robiquet, to be both ingredients of opium, 
which are different, and independent of each other. 

Beside the ingredients which have. already been mentioned, 
opium contains extract, which forms with morphia a com- 
pound almost insoluble in water, but very soluble in acids. 
A considerable proportion of resin, and a small quantity of 
caoutchouc, enter also into the composition of opium. ‘These 
are entirely destitute of sedative properties, when received 
into the stomach. ‘They remain after acting on opium first 
with water, and afterwards with muriatic acid. When the 
residue is digested with alcohol, the resinous matter is takem 
up; and from the remaining mass, which has resisted the 
action of alcohol, the caoutchouc may be extracted by rectified 
ether. This fluid, when digested on opium, then filtered, and 
evaporated ata gentle heat, yields also a crystallized substance, 
not at all alkaline, to which the name of zarcotin has been 
given. It is contaminated with a little oil and caoutchouc, is 
insoluble in water, and scarcely soluble in alcohol. The 
exciting and stimulating effects of opium have been ascribed 
to this substance. It has been analyzed by Pelletier and 
Dumas with the following results: 
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Art. 2.—Of Sirychnia. 


Strychnia was detected by Pelletier and Caventou, in 1818, 
in the fruit of the Strychnos Nux Vomica, and Strychnos Ignatia. 
The bean was rasped down as small as possible, and then — 


* Ann, de Chim. et Phys, v. p. 285. 
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exposed to the action of heated nitric ether. The residue, thus 
deprived of a quantity of fatty matter, was digested in alcohol, 
added in successive portions as long as it continued to dissolve 
any thing. The alcoholic solutions were evaporated, and the 
residue dissolved in water. From the watery solution, liquid 
potassa threw downa white crystalline precipitate; which was 
strychnia. It was purified by washing it with cold water, dis- 
solving in alcohol, and crystallizing it. Strychnia was sepa- 
rated also from the bean of the strychnos ignatia by the use of 
magnesia, in the same manner as Robiquet had obtained mor- 
phia from infusion of opium. Another process for obtaining 
strychnia has been described by M. Ferrari. (Quart. Journ. 
xvi. 170.) It appears, also, from the experiments of Pelletier 
and Caventou, to be separable, in a remarkably pure state, 
from the poison of the Upas tree. (Lib. cit. xviii. 176.) 

Strychnia crystallizes in very small four-sided prisms, ter- 
minated by four-sided low pyramids. It is anhydrous, and 
has no affinity for water; it is white, intensely bitter, destitute 
of smell, fusible, but not volatile at moderate temperatures, 
very sparingly soluble in cold water, and even in hot water, of 
which it requires for solution 2500 times its weight: But 
though it is not soluble in less than from 6 to 7000 parts of 
cold water, the solution may be diluted with 100 times its 
volume of water without losing its taste. It is one of the 
most virulent and active poisons yet discovered. Half a grain, 
blown into the throat of a rabbit, brought on locked on in 
two minutes, and in five minutes proved fatal. 

Strychnia acts as a base to acids, and forms a distinct set of 
salts, which are described in the Annals of Philosophy, xvi. 
30, and in the Ann. de Chim. et Phys. x. 142. Its equivalent 
number, derived from its power of neutralizing acids, which 
is very feeble, is probably not less than 880. The mean of 
two analyses of strychnia by Pelletier and Dumas afforded the 
following results : . 
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Art, 3.—Of Brucia. 

This substance was also extracted by Pelletier and Caven- 
tou from the bark of the Brucia Antidysenterica. . The bark 
was first digested in sulphuric ether, and then in alcohol; the 
alcoholic solution evaporated; and the dry residuum dissolved 
in water. This solution was saturated with oxalic acid, and 
evaporated to dryness. _ Alcohol, digested on the residue, took 
‘up the colouring matter, and left the oxalate of brucia pure. 
This salt was decomposed either by lime or magnesia, which 
formed insoluble salts with the oxalic acid, and left the brucia 
soluble in water, of which: it requires 500 parts at 212°, and 
850 at common temperatures. 

Brucia crystallizes in oblique prisms with parallelograms for 
their bases, which contain water in combination, to which it 
appears to be allied in the same manner as quinia is to cincho- 
nia, and which it accompanies in the nux vomica.: It has a bitter 
taste, but less so than strychnia; its taste is more acrid, how- 
ever, than that of strychnia, and continues for a longer time. 
From strychnia it differs, too, in having a strong affinity for 
‘water. It melts when heated to a little above 212°, and con- 
-geals on cooling into a mass resembling wax. It dissolves in 
sulphuric and other acids, and neutralizes them, affording a 
distinct class of neutral salts. (See Ann. of Phil. xv. $11, or 
Aun. de Chim. et de Phys. xii. 113. and xxiv. 176.) Its com- 
position has been determined by Pelletier and Dumas to be 
_as follows: 
ye Carbon. | 0siis. ot et Tb04 

1 ABGIB NE. Res eh cour ave 
Tlydrogen™: .t5...0'ei > «16,52 
Oxyoen’ i... sauce rs deel 


@esasveser —— 


100. 


Arr. 4.—Of Delphia. 

This alkaline principle was’ detected in 1819, by MM. 
Lassaigne and Feneulle, in the seeds of: the Delphinium 
Staphysagria, or Stavesacre, in which it exists united with malic 
acid. The seeds were well cleaned and reduced to a pulp; 
then boiled with water; and the fluid part separated by a filter. 
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The liquid was boiled for some minutes: with a quantity of 
pure magnesia. The solid part of this mixture was then sepa- 
rated by a filter, and digested in boiling alcohol. » From this 
solution, by evaporation at a gentle heat, delphia was obtained 
in a state of tolerable purity. 

Delphia is a white powder, having a. crystalline texture 
while moist, but becoming opake by exposure to air. Its 
taste is intensely bitter and acrid; itis destitute of smell. It 
melts when heated, and resembles liquid wax, and on cooling 
becomes hard and brittle like resin. Cold. water does not 
dissolve. a sensible portion, though it acquires an acrid taste. 
Alcohol and sulphuric ether dissolve it readily, and the former 
solution gives a green colour to syrup of violets, and_ restores 
the blue colour of litmus, which has been reddened by vinegar. 

_ Delphia unites with acids, and forms neutral salts, which 
are all very soluble in water, and have a very acrid and bitter. 
taste. (Ann. of Phil. xvi., or Ann. de Chim. et de sna Xl.) » 


Art. 5.—Of Picrotoxia. 


This name has been given by Boullay to the acrid narcotic 
principle residing in the cocculus indicus, the fruit or berry of 
the Menispermum Cocculus. From a strong infusion of the 
seeds, ammonia,’ added in excess, precipitated a white granular 
crystalline powder. This powder, after being washed. with 
cold water, partially dissolved in alcohol without colouring it; 
and on the spontaneous evaporation of the alcohol, ,was sepa- 
rated in beautiful silky needles. Similar crystals were obtained 3 
by adding pure magnesia to an alcoholic infusion of the . 
seeds, A greyish deposit was formed, which, ‘after being lixi- 
viated with boiling alcohol, afforded crystals as before. 

Picrotoxia, thus obtained, has the following properties : 

1. It is white, and crystallizes in four-sided prisms. Its 
taste is disgustingly bitter. One hundred parts of boiling 
water dissolve only four of picrotoxia, and of this one-half is 
deposited on cooling. The solution does not affect. vegetable 
blue colours. 

2. Alcohol of the specific gravity 810 dinsalehs one-third its 
weight of picrotoxia. The addition of a little water throws 
down a precipitate, which a larger quantity re-dissolves. 

3. Sulphuric acid has no remarkable action on picrotoxia, 

VOL, II. x 
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Nitric acid dissolves it, and forms a yellowish green solution, 
which, when heated and evaporated, yields oxalic acid. | It dis- 
solves in acetic acid, and is precipitated by carbonate of 
potassa. It is soluble also in weak solutions of the pure alkalis. 

The salts of picrotoxia are described in the Annals of 
Philosophy, xvi. 33. 


‘ | Art. 6.—Of Atropia. 


In the analysis of the leaves of the Atropa Belladonna, M, 
Brandes found that pure alkalis precipitated, from the decoc- 
tion of the leaves in water, a substance which had alkaline 
properties like morphia. He boiled two pounds of the dried 
leaves in repeated quantities of water, mixed the decoctions, 
and added a little sulphuric acid, which rendered the solution 
thinner, and enabled it more readily to pass the filter. ‘The 
decoction was then supersaturated with potassa, by which he 
obtained a precipitate that, after being washed with pure water 
and dried, weighed 89 grains. It consisted of small crystals, 
from which, by repeated solution in acids and precipitation by 
alkalis, the new alkaline substance, atropia, was obtained in a 
state of purity. It has since, however, been shown by M. 
Runge (Ann. de Ch. &c. xxvii. 32.) that pure alkalis and lime 
water decompose atropia, and that it is better to add hydrate 
of magnesia (precipitated from the sulphate by caustic potassa, 
and purified by copious washings) to the decoction of bella- 
donna; to evaporate to dryness; and to extract the atropia 
from the dry mass, first reduced to powder, by boiling 
alcohol. ; 

The external appearance of atropia varies considerably 
according to the mode of its preparation, being either granular, 
or flaky, or gelatinous, like precipitated alumina. When per- 
fectly pure, it is snow white, otherwise it has a yellow tinge. 
It is quite tasteless. 

Cold water has scarcely any effect upon dried atropia, but 
dissolves a minute portion when recently precipitated, and 
boiling water dissolves still more. It is very sparingly soluble 
in cold alcohol, but boiling alcohol dissolves it readily, though 
less abundantly than morphia, and on cooling the greater part 
is again deposited. Ether and oil of turpentine had little 
effect upon it even at aboiling heat. Hot oil of almonds 
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dissolved a FALE larger quantity of it, and seemed to become 
less fluid. 

Pa roel forms salts with acids, the greater number of which 
are readily soluble in water; but they cannot be obtained 
without such an excess of acid as affects the colour tests. 
There cannot, however, be a doubt that atropia serves as a 
base, and is a true alkali; and there are strong reasons for 
believing that its combinations with sulphuric and muriatic 
acids are bi-sulphates and bi-muriates. At present it would be 
premature to assign the equivalent of this alkali. 

Atropia produces violent effects on the animal system, and 
M. Brandes was obliged to refrain from its investigation by the 
unpleasant symptoms which it occasioned. Even the vapour 
of its different salts produced giddiness, and dilatation of the 
pupils of the eyes. (Ann. of Phil. N.S. i. 263.) 


Art. 7.—Of Veratria. 


In July 1819, MM. Pelletier and Caventou discovered a 
new vegetable alkali united with an excess of gallic acid in the 
seeds of the Veratrum Sabadilla, the root of Veratrum Album, 
and in that of the Colchicum Autumnale. After acting upon 
the seeds with ether, the residue was digested in heated alco- 
hol. By its action a coloured tincture was obtained, which» 
on cooling, deposited white flakes analogous to wax. The 
liquid portion, evaporated to dryness, was soluble in cold water, 
except a small quantity of fatty matter. The watery solution, 
gently evaporated, deposited an orange-coloured precipitate, 
and when this ceased to appear, acetate of lead was poured 
into the residuary liquor, which had still a deep colour. 
Immediately a very abundant yellow precipitate fell, which was 
separated by a filter; and the liquid, which passed through, 
was almost colourless. It contained, beside other substances, 
acetate of lead, from which the lead was precipitated by sul- 
phureted hydrogen. ‘To the liquid, filtered and concentrated 
by evaporation, magnesia was added, and it was again filtered. 
The clear liquid contained acetate of magnesia and colouring 
matter; the magnesian precipitate was Availed with several 
portions of alestil' and the alcoholic solution gave, on evapo- 
ration, a powder which was excessively acrid, and had dis- 
tinctly alkaline characters, | 

ee 
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. Veratria is white and pulverulent, and destitute of smell; 
but when inhaled into the nostrils, it produces violent and 
dangerous sneezing, even when the quantity is too small 
to be weighed. Its taste-is acrid in the highest degree, but 
without any bitterness. In very minute quantity, it produces 
dreadful sickness and vomiting, and in the quantity of a few 
grains would doubtless prove fatal. 

_ It is not more soluble in cold water than morphia or strych- 
nia. Boiling water takes up 1-1000th of its weight, and 
acquires an acrid taste. It is extremely soluble in alcohol; and. 
ether also dissolves it, but in less quantity. 

Veratria fuses at the temperature of 122°, and has then the 
appearance of melted wax; on cooling, it becomes semi-trans- 
parent and amber-coloured. It restores to blue the colour of 
reddened litmus paper, and saturates acids, forming with them 
salts which are not crystallizable, and the elements of which 
are so weakly combined as to be separated by the mere action 
of water. Nitric acid, if heated and concentrated, alters the 
arrangement of its elements, and decomposes it, but does not 
produce ared colour, as with morphia, strychnia, and brucia. 
In this respect, and .in affording acid salts, it approaches to 
picrotoxia. (Ann. de Chim. et de Phys. xiv. 69.) It has been 
analyzed by Pelletier and Dumas, and found to consist of 
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Art. 8.—Of Hyoscyama and Digitalia. 

In the Annals of Philosophy, xvi. 69, is a brief notice of 
another alkali extracted by M. Brandes from Hyoscyamus 
Niger, or henbane. It is not easily altered bya high tempera- 
ture, even when heated to redness with charcoal. It crystal- 
lizes in long prisms, and, when saturated with sulphuric acid, 
or still better with nitric acid, affords characteristic salts. | 

The active principle of the Digitalis Purpurea has been 
extracted by Mr. Royer by means of ether, in the form of a 
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brown pasty’substance, which slowly restored the blue colour 
of reddened litmus paper, was very bitter and very deliques- 
cent, and seemed 'capable of crystallizing from its solution in 
alcohol. It had great activity on the animal system. (Quart. 
Journ. xviii. 178.) hi P ey 


Art. 9.—Of Cinchoma and Quinia. 


Cinchonia was first extracted by Dr. Gomés of Lisbon, from 
Peruvian bark (Cinchona Condaminea); but the process which 
he followed, leaving it united with some other matter, it was at 
first mistaken for a resin. MM. Pelletier and Caventou were 
the first who suspected that cinchonia contained a salifiable base 
analogous to morphia and the other vegetable alkalis, and 
verified this notion by examining its properties in a state of 
purity. The following process for obtaining it is given by M. 
Badollier, Ann. de Chim. et de Phys. xvii. 273. 

A pound of yellow bark, bruised small, is to be boiled for a 
quarter of an hour in three pints of a very dilute solution of 
pure potassa. ‘The liquid, after being suffered to cool, is then to 
be strained through a fine cloth with pressure, and the residuum 
repeatedly washed and pressed. ‘The cinchonia, thus washed, 
is to be slightly heated in a sufficient quantity of water, adding 
muriatic acid gradually until litmus paper is slightly reddened. 
When the liquid is raised nearly to the boiling point, it is to 
be strained, and the cinchona again pressed. ‘Lo the strained 
liquory while hot, add an ounce of sulphate of magnesia, and 
after this add solution of potassa, till it ceases to occasion any 
precipitate. When the liguor is cold, collect the precipitate 
on a filter, wash and dry it, and dissolve it in hot alcohol. On 
evaporation of the alcohol, the cinchonia crystallizes in delicate 
prisms. It may be obtained, also, more simply by the 
following process, described by Mr. Brande. (Man. of Phar- 
macy, p. 61.) A pound of bruised bark is to be boiled in 
about a gallon of water, to which three drachms of sulphuric 
acid have been previously added. A similar decoction is to 
be repeated with about half the quantity of liquid, and so on 
till all the soluble matter is extracted. ‘The decoctions are 
then to be mixed together and strained, and powdered hydrate 
of lime to be added, in proportion somewhat greater than is 
required to saturate the acid. Irom the precipitate (a mix- 
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ture of cinchonia and sulphate of lime) repeated boilings for 
_some minutes with alcohol, decanting the fluid while hot, 
separate the cinchonia, which may be obtained by distilling 
off the alcohol ata very gentle heat. 

Cinchonia thus obtained is white, meet crystalline, 
and soluble in 2500 times its weight of boiling water, but a 
considerable part separates on cooling. It loses no weight till 
heated to a degree sufficient to volatilize a portion of it; and 
at a temperature sufficient for its decomposition, it affords 
ammonia. Its taste is bitter, though long in being developed 
owing to its insolubility; but its acid solutions have a strong 
taste of Peruvian bark. It is very soluble in alcohol and 
ether, and sparingly so in fixed and volatile oils. 

Cinchonia restores the colour of litmus, which has been 
reddened by an acid; unites with all the acids; and, with the 
greater number, forms compounds which are perfectly neutral. 
The sulphate is constituted of 11.27 acid and 88.73 base. It 
is very soluble, has an intensely bitter taste, and forms crys- 
tals, the primary form of which is a doubly oblique rhombic 
prism. (Ann. of Phil. N. S. vi. 375.) The muriate is still 
more soluble in water than the sulphate; dissolves in alcohol; 
and crystallizes in delicate prisms. ‘The nitrate is not crys- 
tallizable. The oxalate, tartrate, and gallate of cinchonia are 
insoluble. Hence it is that infusion of galls precipitates the 
decoction of cinchonia. (See Ann. de Chim. et Phys. xv. 289, 
3373 xvil. 273, 3163; xxiv. 176; Ann. of Phil. N. 2. ii. 316; 
and Quart. Journ. xvi. 282.) 

In the following Table, the first coat of numbers ex- 
presses the composition of cinchonia, as determined by Mr. 
Brande, and the second contains the results of Pelletier and 
Dumas. In the experiments of the former, no oxygen could — 
be found, though it was caréfully sought after. 
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It would be premature to assign its atomic constitution, but 
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its equivalent, determined from. its combinations with acids, is 
probably about 315. | 

Quinia was discovered by Pelletier and Caventou in the 
yellow bark of the Cinchona Cordifolia. It may be separated 


by processes precisely analogous to the foregoing. 


It is not 


crystallizable from its alcoholic solution, but, when dried, pre- 
sents a whitish porous mass, almost insoluble in water, but 


extremely bitter. 


Pelletier and Dumas, however, have made 


it assume a crystallized form by fusing it in vacuo, and allow- 
ing it to cool very slowly, but by this treatment it loses its 
resinous appearance, and becomes opaque. When thus fused, 
it gives no indication of containing water; but if it be im- 
mersed in water, it absorbs it; Baddities white and friable, an 
retains 3 or 4 per cent. of that fluid. 

Quinia differs from cinchonia in saturating still less acid, and 
with the same acid, distinctly different salts. The sul- 
phate consists of 90 base + 10 acid. 


in giving, 


needles, which have the aspect of amianthus. 


It crystallizes in fine 
These are less 


soluble than sulphate of cinchonia, but are fully as bitter. 
This salt is now coming into very extensive use as a medicine, 
and is said to produce all the beneficial effects of Peruvian 
bark with much greater certainty. 
dered as equivalent to an ounce of bark. 


Quinia has been analyzed by Mr. Brande, and by MM. 


Pelletier and Dumas, but not with a sufficient agreement of 
results to enable us to assign its atomic constitution. 
following Table, the numbers in the first column are those of 
Its equivalent, deduced from its power of satus 


Mr. Brande. 


rating acids, is probably about 360. 
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According to Pelletier and Caventou, the Cinchona Con- 
daminea is composed of 


1. Cinchonia united to kinic acid. 
2. A greenish fatty matter. 


\ 


312. |. VEGETABLE SUBSTANCES. CHAP. X. 


_. 3, A red insoluble matter. 
4. Ared soluble matter (a variety of tan). 
5. Yellow colouring matter. - 
6. Kinate of lime. 
7. Gum. 
pbk st Starch. 
9. Lignin. 


_ The other varieties of cinchonia present: the same ingre- 
dients in different proportions. _Vauquelin found that. those 
specimens of Peruvian bark possess the greatest medicinal 
efficacy, whose infusions are precipitated not only by infusion 
of nut-galls, but by solutions of gelatine, and of emetic tartar. 
The inefficiency of all these-agents, when applied as tests to an 
infusion of Peruvian bark, was observed to take place only in 
those specimens, which experience had shown to be destitute 
of medicinal virtues. 


Art. 10.—Of Caféa. 


This principle was found in 1821 in coffee, by M. Robiquet, 
who had expected to discover quinia in it, as cinchonia and the 
coffee plant belong to the same class of plants, and both pos- 
sess febrifuge properties. Hitherto no detailed account of it 
has appeared; but from a brief notice in the Ann. de Chimie 
et de Phys. xxiv. 183, we learn that it is white, crystalline, 
volatile, and not very soluble in water. It has been submitted 
to analysis by Pelletier and Dumas with this remarkable result, 
that it contains a larger proportion of azote than even the 
greater part of gaiaalt substances. It is constituted of 
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SECTION XVIII. 
Of Suber and its Acid. 


Tuts name has been used to denote common cork-wood, 
which appears to be possessed of peculiar properties, especially 
in its relation to nitric acid. 

Cork-wood appears, however, from the experiments of 
Chevreul, to contain several substances, which may be sepa- 
rated from each other by the successive action of water and 
alcohol applied by means of a small Papin’s digester of a 
peculiar construction, which he has described in the Ann. de 
Chimie, xcvi. 149. To water thus raised: above its ordinary 
boiling point, cork gave out an aromatic principle, and a 
little acetic acid, which passed over into the receiver. ‘The 
watery extract, contained a variety: of substances, viz. two 
colouring matters, the one yellow, the other red; an acid, the 
nature of which was not determined ; gallic acid ; an astrin- 
gent matter; gallate of iron, &c. Twenty parts of cork thus 
treated, left 17.15 of insoluble matter, which, when digested 
with alcohol, yielded three distinct substances, cerin, resin, 
and a peculiar oil. When the alcohol was evaporated to 
one-sixth and set aside, the cerin separated in small white 
needles, not fusible in boiling water, but becoming soft and 
settling’ to the bottom. Cerin, thus obtained, is, in a very 
small degree, more soluble than wax in alcohol, 1000 parts of 
boiling alcohol taking up 2.42 of cerin and only two parts of 
wax. Nitric acid gradually dissolves cerin, and changes it 
into oxalic acid. Its properties differ, therefore, from those 
of the substance to which the same name was given by Dr. 
John (see page 295.) 

Of the 20 parts of cork-wood thus successively treated with 
water and alcohol, 14 parts remained undissolved. ‘They 
consisted of suber, probably, however, not perfectly pure: 
but of its properties in that state, we have as yet no accurate 
knowledge. (See Ann. of Phil. ix. 52.) 

Brugnatelli first converted cork by nitric acid into an acid 
having some of the properties of the oxalic and benzoic, but 
proved by the subsequent investigation of Bouillon la Grange 
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and Chevreul to be a distinct and peculiar compound. It may 
be prepared from cork«wood by the following process : 

To a quantity of cork, grated into powder, and contained 
in a tubulated retort, add six times its weight of nitric acid, 
of the specific gravity 1.260; and distil the mixture, with a 
gentle heat, as long as any red vapours escape. As the dis- 
siidion advances, a yellow matter, like wax, appears on the 
surface of the liquid. While the-contents of the retort con- 
tinue hot, they are to be poured into a glass vessel, placed on 
a sand-bath, and constantly stirred with a glass rod, by which 
means the liquid gradually becomes thick. As soon as white 
penetrating vapours appear, let it be removed from the sand- 
bath, and stirred till it becomes cold. An orange-coloured 
mass will be obtained, of the consistence of honey, having a 
strong and sharp odour while hot, and a peculiar aromatic 
smell when cold. On this, pour twice its weight of boiling 
water; apply heat till it liquefies; and filter. ‘The filtered 
liquor, as it cools, deposits a powdery sediment, and becomes 
covered with a thin pellicle. ‘The sediment is to be separated 
by filtration; and the liquid reduced, by evaporation, nearly 
to dryness. ‘This mass is the suberic acid. It may be purified, 
either by saturating it with alkali, and precipitating by an 
acid, or by boiling it with charcoal powder. 

Suberic acid has the following properties: 

1. It is not crystallizable. 

2. It has an acid and slightly bitter taste; atid when dis- 
solved in boiling water, it acts on the throat, and excites ° 
coughing. | 

Bavat Faden vegetable blues, and changes the blue solution 
of indigo in stipends acid to green. 

A Cold water dissolves about --.,th its weight, and ee 

water half its weight. 

It attracts moisture from the air. 

. When heated in a matrass, it sublimes, and is obtained 
in cihahtel circles, composed of numerous small points. 

7. With alkalis, earths, and metallic oxides, it forms a 
class of salts called Suberates. 
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SECTION XIX. 
Of Bitumens. — 


TuouGH bitumens, on account of their origin, are, with 

more propriety, classed among mineral substances ; yet, in 
chemical properties, they are more closely allied to the pro- 
ducts of the vegetable kingdom. Like vegetable substances 
in general, they burn in the open air, and with a degree of 
brightness that surpasses even that of resins. By distillation 
per se, they yield weak acetic acid, an empyreumatic oil, some 
ammonia, and a considerable quantity of olefiant and carbu- 
reted hydrogen gases, with occasionally a small proportion of 
carbonic acid and sulphureted hydrogen. They are neither 
soluble in water nor in alcohol, and in the latter respect they 
differ from resins. ‘There can be little doubt that they have 
been formed originally by the decomposition of vegetables. 
_ The bitumens have been divided into liquid and solid. 
Formerly it was supposed that the liquid bitumens had ‘been 
derived, by a sort of natural distillation, from the solid; but 
Mr. Hatchett has rendered it probable that the solid bitumens 
result rather from the consclidation of the fluid ones.* | 

The native bituminous substances are Naphtha, Petroleum, 
Mineral Tar, Mineral Pitch, Asphaltum, Jet, , Pit-Coal, 
Bituminous Wood, Turf, and Peat. To these some writers 
have added Amber and the Honey-Stone. 

NapuTua is a substance well known to mineralogists as a 
light, thin, often colourless oil, highly odoriferous and inflam- 
mable, which is found on the surface of the water of certain 
springs in Italy, and on the shores of the Caspian Sea. It 
may be obtained also by distilling petroleum at a low degree 
of heat. It has a penetrating Gi not disagreeable odour. Its 
specific gravity is about .708, or sceaudl ite to Brisson .845. 
Saussure found its specific gravity in its natural state to be - 
.836, after one. rectification .769, and after two .758; but it 
could not be rendered lighter by repeating the distillations. 
It does not congeal at 0° Fahrenelt. 

Naphtha is very volatile, highly inflammable, and burns 


* Linnean Transactions, 1797. 
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with a penetrating smell and much smoke. It may be dis- 
tilled without alteration. By long exposure to the air it 
becomes thick and coloured, and passes to the state of petro- 
leum. The addition of-a little sulphuric or nitric acid pro- 
duces the same change more speedily. It is not miscible either 
with water or with alcohol, unless the alcohol be pure, and 
then the latter unites with one-fifth. It combines in all pro- 
portions with sulphuric ether, petroleum, and oils, both fixed 
‘and volatile. It softens caoutchouc, but does not effect a per- 
fect solution of it. When heated, it dissolves sulphur and 
phosphorus, but deposits them again in crystals on cooling. — 

Naphtha appears to be the only fluid we are acquainted with, 
in which oxygen does not exist in some proportion. This 
circumstance renders it of- great use in preserving the new 
metals discovered by Sir H. Davy. When recently distilled, 
they have no action on it; but in naphtha that has been ex- 
posed to the air, these metals soon oxidate; and alkali is 
formed, which unites with the naphtha into a kind of brown 
soap. When carefully rectified, Saussure did not find that 
it was at all altered by being kept three years in vials half full. 

Its boiling point is 186° Fahrenheit. The density of its 
vapour is 2.833, air being 1; and at 721° Fahr. it supports a 
column of quicksilver 1.78 inch in height. Dr. Thomson fixes 
the boiling point of Persian naphtha sp. gr. 0.753 at 320° 
Fahr. and the'sp. gr. of its vapour at 2.263, the temperature 
being 55° Fahr. A mixture of this vapour with common air 
burns like carbureted hydrogen gas. By its detonation with 
oxygen gas, Saussure determined the composition of naphtha 
to be : 


Carbon e@epvpteoeoeseee se eeveeeeee8 86 @ 87.21 . 
Hydrogen OT Say Al oe eo PLE Eye Pome eS | a 


100.* 
This would indicate 


6 atoms of carbon ...2.- 36 seess. 88 
§ ditto. of -hydrogen..... 5 .i....°12 


eee oes ret 


41 100 


* Thomson’s Annals, x, 118, 
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Dr. Thomson analyzed Persian naphtha by igniting it with 
peroxide of copper, and obtained gaseous products indicating 
82.2 carbon + 14,8 hydrogen in 100 of naphtha, leaving a 
deficiency of 3 per cent. which he ascribes to azote. The pro- 
portion of the atoms of carbon to those of hydrogen, best 
according with these experiments, would be 14 of the former 
to 13 of the latter. (Ann. of) Phil. xv. 307.) In his recent 
work, he considers the vapour of naphtha from coal as con- 
stituted of 6 volumes of gaseous carbon and 6 volumes of 
hydrogen gas condensed into 1 volume, but this view seems 
to rest on theoretical grounds only. 

Dr. Ure’s analysis of naphtha sp. gr. 0.857 obtained by 
distillation from petroleum, assigns moreover an atom of 
oxygen, Viz. 
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' According to this view, naphtha should consist of 20 atoms 
of olefiant gas, + 1 of carbonic oxide, + 1 of free carbon. 
It is probable, however, that the two last elements are to be 
ascribed to the impurity of the specimen submitted to analysis, 
which seems to have had a greater specific gravity than belongs 
to highly rectified naphtha. ‘This want of agreement between 
different results, points out the necessity of .a fresh analysis of 
naphtha. 

' PETROLEvM is considerably thicker than naphtha, and has 
a greasy feel. ‘It is imperfectly transparent, and of a reddish 
brown colour. Its specific gravity is .878. 

‘When distilled per se, a portion of colourless naphtha is 
first obtained; then an empyreumatic acid liquor; next a 
thick brown oil; and a portion of black shining coal remains 
in the retort. 

Petroleum is highly inflammable... Sulphuric and _ nitric 
acids convert it into a thick bitumen; and exposure to the air 
produces the same effect more slowly. It has the property of 
combining with fat and essential oils, with resins, camphor, 
and sulphur, and, when rectified, it dissolves caoutchouc. 
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( Miyerat Tar is thicker and more viscid than petroleum, 
and of a-reddish or blackish brown colour, In ehemital pre O- 
perties it resembles petroleum. 

The solid bitumens are Maltha, AspheliacH and Elastic 
Bitumen or Mineral Caoutchouc, besides the several varieties 
of Coal and Peat. Hx 

Mautya or MINERAL PItcH has a brownish black colour, 
and. little’or no lustre. It is so soft that it is impressed by the 
nails, but does not stain the fingers. Its specific gravity is 
from 1.45 to 2.06. ‘It is extremely inflammable, and burns 
with a bright flame, leaving only a small quantity of ashes. 

AspHALTUM is brownish black in its colour, is_ brittle, 
shining, and does not stain the fingers. Its’ specific gravity 
varies from 1.07 to 1.65. It is extremely inflammable, and 
burns with a yellow flame. By distillation per se, it yields a 
light brown’ oil resembling naphtha, a portion of water 
impregnated with ammonia, and a quantity of carbureted 
hydrogen gas. It has been analyzed by Klaproth, whose 
accounts of it mee be seen in the second volume of his 
‘* Contributions.” 

The appropriate solvent of asphaltum is naphtha, of which 
it requires five times its weight. The solution is of a deep 
black colour, and forms an excellent varnish. 

ELASTIC BITUMEN OF MINERAL CAOUTCHOUC, ‘is a rare 
production of nature, and has hitherto been found only in. 
Derbyshire. | It is inflammable, and burns with much smoke. 
By a gentle heat it is melted and converted into petroleum, 
maltha, or asphaltum. It resists'the action of solvents. 

RETINASPHALTUM Is also a rare production of the same 
county. It has no elasticity; but is brittle, and breaks with a 
glassy fracture. Its colour is pale ochre yellow; its specific 
gravity 1.135. It melts on the application of heat, and burns 
witha bright flame. It is partially soluble in alcohol, potassa, 
and nitric acid. One hundred parts contain 55 resin, 42 
asphaltum, and 3 earthy matter. 

Pit-coaL is a general term, applied to several distinct 
varieties of minerals. They have been divided by Werner 
into the three families of brown coal, black coal, and pti 
coal or mineral carbon. 

I. Brown coal is only imperfectly bitumenized, and exhibits, . 
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distinctly, the remains of the vegetables, from whose decay it 
has originated. It is brown, .opaque, somewhat flexible and 
elastic, and nearly light enough to float on water. » It: burns 
with a clear flame, and with a bituminous odour mixed: with 
that of sulphur. In the mode of its combustion, as well:as 
in its external appearance, it bears a considerable resemblance 
to wood that has been half charred. 

II. Black coal is the substance which is commonly uphill 
to the purposes of fuel. It shows no remains of the vegetables 
from which it has originated; but appears to be a compound of 
bitumen and charcoal; and according to the proportion of 
these two ingredients, its properties vary considerably. The 
best kinds melt on the application of a moderate heat, and 
burn almost entirely away, with a clear bright flame. » By 
distillation, they yield a quantity of water holding carbonate 
and sulphuret of ammonia in solution; a large proportion of 
tar is obtained, which, by evaporation and fusion, forms a 
kind of asphaltum ; and an immense production takes place 
of olefiant and carbureted hydrogen gases, which may” be 
advantageously applied to burning in Be hin (See vol. i. 
p. 428.) | 

In the retort, a hard heavy charcoal; remains’ called oh. 
It contains generally a good deal of sulphur; and emits, 
during combustion, a suffocating smell of sulphurous acid. 

The Wernerian arrangement of black coal into six sub- 
species, does not appear to Dr. Thomson applicable to the 
different kinds of coal which are found in Great Britain. He 
proposes four subdivisions only, which he distinguishes by the 
following names. 

1 Culgen coal, so called because its bie elk ielt at a 
certain temperature, and unite into one mass.. The coal of 
Newcastle, which is carried to London, and also much of the 
coal found in the neighbourhood of Manchester, and in vari- 
ous other parts of the kingdom, belong to this species. 

2. Splint coal, or splent coal, which has received its name 
from the splintery appearance ‘of its cross fracture. It has 
also been called hard’ coal from ‘the’ difficulty of breaking it. 
It is the sort best adapted for making coke, and extracting iron 
from its ores; though, when it cannot be obtained, other 
varieties of coal are applied to those purposes. » 
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:) 8. Cherry coal.— This coal abounds in the neighbourhocd of 
Glasgow and in Staffordshire. . It has considerable lustre, 
both in its principal fracture, which is slatey, and in its cross 
fracture, which is flat and conchoidal. It is of about the same 
degree of hardness as caking coal, and, being very easily fran- 
gible, there is considerable loss in mining it. It readily 
catches fire, burns with a clear yellow flame, and is consumed 
much faster than either of the foregoing species. It abounds 
in the neighbourhood of Glasgow and of Birminghani. 

4, Cannel coal is a very well characterized species. It is 
‘found of the best quality and in the greatest abundance at 
Wigan in Lancashire. Its great combustibility, and the 
vivid light which it emits, have occasioned its being sometimes 
substituted for candles. As it does not at all soil the fingers, 
and is easily turned by a lathe, it is made into snuff-boxes, 
‘ink-stands, and various trinkets. 

The fluid and gaseous substances obtained by the setae 
of pit-coal are to be regarded, not as mere products which 
pre-existed in the coal in the same state as that in which they 
are evolved, but as generated by the action of heat in effect- 
ing a new arrangement of their ultimate elements. . Dr, 
‘Thomson, therefore; considers the ultimate analysis of coal as 
alone capable of giving any satisfactory information, of its , 
nature. With this view he analyzed the different species, by 
combustion with peroxide of copper. The proportion of. in- 
combustible matter in each species was found to be as follows : 

- In 100 grains of caking Géak AT eB 
In 100 grains of splint coal .......... 9.5 
In 100 grains of ‘Cherry coal! 41.4.0 Pe 
In 100 grains of cannel coal .......... 11. 


The quantity of coke formed, and of volatile matter dissi- 
pated, from 1000 parts, are expressed in the following Table. 
From 1000 parts of Weight of Coke. Volatile Matter. 
Cakirig coal is cies sine 05.7460 vas ei p Kiens 2OB8 
Splint coal, 's 440 vie «GATS. toast da on ab GOBEe 
CHELEY COR -wwisiy: oid 04 DEAD, Mohd hale ah Arte 
Cannel coal iss vesin BO0s, \ oitats onan BOE 
The two following Tables exhibit the results of Dr. Thom- — 
son’s analysis of the four different species of coal. . 
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Bb hex Constituents by Weight. 


Carbon. | Hydrogen. |. Azote. 


Oxygen. | ‘Total 
Caking coal seve eer s| 75.28 4.18 115.96 | 4.58 | - 100° 
Splint coal .J...0../75.60-|. 6.25 | 6.25°}12.50 | 100° 
Cherry coal........)74.45 | 12.40 | 10.22 | 9.93.) 100, 
Cannel Be aisle 64.72 |. 21.56, 118.72 | 0.00.) . 100, 
II. Constituents in Atoms. 
| anit 
Carbon. | Hydrogen. | Azote. |Oxygen. pista 
Coking coal», thle fe Bk le aid Bad 8 15 | 48.5, 
Splint 11 en ma ET 14 1 3.5 46.5 
Cherry coal, ....... 34 34 2 1 71 
Cannel coale i. 0. 11 22 1 0 | 34. 


Dr. Ure has given different results for splint and cannel 
coal (Phil. Trans. 1822, p. 471.) . But as azote is not included 
in them, and as all the specimens of these two: varieties of 
coal, which I have ever tried, have yielded ammonia by dis- 
tillation, I cannot. consider the atomic constitution, which he 
has assigned to these two bodies, as correct.. It appears to 
me, however, that he is nearer the true proportion of oxygen, . 
viz. 21.05 in 100 parts of cannel coal, and 24.8 in 100 of 
splint coal; for the quantity of products into which oxygen 
enters (water, carbonic acid, and carbonic oxide), obtained by 
the destructive distillation of coal, indicates a considerable 
proportion of that element. 

NaputuaLine.— This substance, though not a native bitu- 
men, may be described in this place, as one of the products of 
the decomposition of coal. It is produced abundantly in the 
first and second distillations of coal tar; and separates sponta- 
neously, especially in cold weather, from the volatile oil which 
comes over. Mr. Chamberlain finds (Ann. of Phil. N.S. 
vi. 135,) that if the products of distilling coal tar be received 


in six different portions, the last contains so much naphtha- 
VOL. Il. > 
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line as to become in a few hours actually solid. About five 
pounds are usually thus obtained from 100 gallons of coal tar ; 
but if the distillation be hurried towards the middle or latter 
end of the operation, the quantity of naphthaline is much 
increased. After being purified as completely as possible, 
from the oily matter which adheres to it, by being pressed 
between folds of blotting paper, it may be dissolved in heated 
alcohol, from which it separates again on cooling. After 
repeated solutions and crystallizations, it is obtained in bril- 
liant white scaly crystals, similar to benzoic acid, but of a 
more silvery lustre. It is soluble in spirit of turpentine, and 
the solution affords crystals by evaporation. The best way of 
obtaining these crystals, according to Mr. Chamberlain’s ex- 
periments, is to add about an ounce of naphthaline to a pint 
of turpentine already saturated at the temperature of the 
atmosphere, and to apply heat. From this liquid, when set by 
in a cool place, long prismatic crystals separate. 

Naphthaline has a pungent and aromatic taste, and a pene- 
trating smell, which adheres permanently to any substance 
that is brought into contact with it. It is smooth and unctuous 
to the touch. Its specific gravity is 0.7812. (Thomson.) It 
is less volatile than camphor, melts at about 180° (168° Ure) 
and boils at 410° Fahr. On cooling, it assumes a catia 
crystalline structure. : 

_ It is not very easily inflamed; but when set on fire, it bid 
with a copious dense smoke. It does not affect the colours of 
litmus or turmeric. It is insoluble in cold water, and very — 
sparingly in hot water. It is readily soluble in alcohol and 
ether, and in both those fluids, when heated, it dissolves to 
almost any amount. It is soluble in fixed and essential oils; 
in acetic and oxalic acids, to each of which it imparts a pink 
colour; and in diluted mineral acids. Of all its characters, 
its ready disposition to crystallize is perhaps the most remark- 
able. These crystals are rhombic plates, the greater angle of 
which varies from 100° to 105°, and which are arranged so as 
to intersect each other and to form cells.* 


Naphthaline has been analyzed by Dr. Ure, who assigns 


* Brande, Quarterly Journ. viii. 287; Ann. of Phil. xv. 75; Professor- 
Kidd’s Memoir in Phil. Trans..1821, p. 214, 
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to it the following atomic constitution. It appears to con- 
sist of 
Caton OUT Trees s 2 AVOINS see 12 ven e Ua 
BAydrovensyuates os f APO ce ty Dene tod 


13 100. 


The absence.of oxygen, first pointed out by Mr. Brande, is 
confirmed by this analysis. (Phil. Trans. 1822, p. 473.) Dr. 
Thomson’s results led him to view naphthaline as a sesqui- 
carburet of hydrogen, or compound of 3 atoms of charcoal and 
2atoms ofhydrogen. (First Prin. 1. 156.) 

III. Glance coal appears to be chiefly pure charcoal sail 
very little bitumen, accompanied only by a proportion of 
earthy matter. It is found at Kilkenny, and is common.in 
some parts of this kingdom, where it is known by the name of 
stone coal. It burns with little or no flame; and, when sub- 
mitted to distillation, yields no tar, and a sort of carbureted 
hydrogen gas in small quantity, which, from its inferior den- 
sity, cannot be advantageously burned in lamps. 

In PEAT or TURF, the remains of vegetable organization are 
generally very evident; and it consists, indeed, in a great 
measure, of fibres of several mosses, with occasionally whole 
branches, and even trunks, of various trees. It is extremely 
inflammable in the open air; and, when distilled in close 
vessels, yields products similar to those of coal. The gas, 
however, which is evolved, approaches more in its characters 
to carbonic oxide than to carbureted hydrogen. In an excel- 
Jent account of this substance, given by Mr. Jameson in his 
Mineralogy of the Shetland Isles, peat is said to contain the 
suberic acid. The sulphates of iron, soda, and magnesia, are, 
also, occasionally found as ingredients of peat; and, when in 
considerable proportion, impair its combustibility. 

MELLILITE, OR HONEY-STONE, so called from the resem- 
blance of its colour to that of honey, is a very rare produc- 
tion, and bas been found, accompanying brown coal, ina 
very few parts of the continent. It is consumed when ignited 
in the open air, but without flame or smoke. When long 
boiled in water, it yields a solution, which, on being concen- 
trated and mixed with alcohol, becomes pitchy. By continued 
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trituration, however, it is dissolved, with the exception of 
some earthy flocculi. The clear liquid, decanted and evapo- 
rated, yields a brownish saline mass; from which, by two 
“successive evaporations and solutions, needle-shaped crystals 
are obtained. ‘These are the pure mellitic acid. 

The taste of this acid is sweetish, and-at the same time sour, 
with some bitterness. It is combustible when ignited in the 
air; and is decomposed by nitric acid, without the production 
-of any oxalic acid.! Dropped into the watery solutions of 
lime, baryta, or strontia, it gives a precipitate, which is 
soluble in muriatic acid. ‘With acetates of baryta and lead, 
and nitrates of mercury and iron, it gives precipitates, which 
are soluble in nitric acid. It neutralizes the three alkalis, 
and affords with them crystallizable salts. 


ge 


SECTION XX. 


Of the Vegetable Principles of Asparagus, Elm-tree Gum, 
ec Mushrooms, Saffron, Tobacco, Tpecacunne, Se. 


By. an attentive examination of the products of vegetation, 
some new substances have been discovered, the properties of 
-which do not agree with those of any that have been the sub- 
jects of the preceding sections. Of this number, some cannot 
be considered as sufiiciently investigated to be received as dis- 
tinct principles; and others are limited to so few plants, that 
.there appears to be a propriety in describing them apart from 
the more general products of vegetation. 

1. Asparagin. From the juice of asparagus, concentrated 
by evaporation, Messrs. Vauquelin. and Robiquet observed a 
considerable number of crystals to separate spontaneously.* 
Of these, some became, after repeated crystallizations, per- 
fectly white and transparent. They were cool and slightly 
nauseous to the taste; were soluble in water; and. neither 
affected the re-agents for acids nor alkalis. The infusion of 
galls, acetate of lead, oxalate of ammonia, muriate of. baryta, 
and hydro-sulphuret of potassa, produced no change in the 


* Nicholson's Journal, xv. 242. 
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solution; and no ammonia was disengaged by potassa. When 
burned in a platina crucible, they swelled up and emitted 
penetrating vapours, which affected the eyes and nose like the 
smoke: of wood; and left a large proportion cf charcoal, in 
which no traces of alkali could be discovered. Towards the 
close of the decomposition, an odour arose similar to that of 
animal matter, and inclining, also, to that of ammonia. It 
appears, therefore, that hig Piiononckt though crystallizable, 
cannot be considered as a neutral salt, for it contains neither 
alkali nor earth. Like other vegetable matters it appears to 
consist of hydrogen, oxygen, and charcoal, in Soars 
not yet determined, with perhaps some nitrogen. 3 
2. Ulmin. In the year 1802, Klaproth secived from Pa- 
lermo, a substance which exudes spontaneously from a species 
of elm, and which, in external characters, bore a considerable 
resemblance to gum. It dissolved in a small quantity of water, 
and gave a transparent solution of a blackish brown colour, 
which was not, however, mucilaginous, and could not be ap- 
plied to the purpose of a paste. Nitric acid precipitated from 
the solution a light brown substance, which was soluble in 
alcohol, though the gum itself resisted that solvent. Oxy- 
muriatic acid produced a similar effect. The property of 
producing a resin by the addition of a little oxygen, is pecu- 
liar to this substance, and sufficiently characteristic. Dr. 
Thomson has proposed for it the name of Ulmin; and he 
and Mr. Smithson have paid much attention to the investi- 
gation of its properties.* It appears to be a very common 
vegetable product, exuding from various trees, and existing, 
according to Berzelius, in the bark of most. When pure itis 
tasteless ;. sparingly soluble in water and in alcohol; not pre- 
cipitated by acids, gelatine, or tan; and very soluble in 
alkaline carbonates, from which it is separated by acids and 
metallic salts, Débereiner has converted: gallic acid into 
ulmin; and represents the latter to be constituted of 1 atom of 
carbon, 1 atom of hydrogen, and 2 atoms of oxygen, but he 
ascribes to the atom of carbon twice the weight usually 
assigned to it. (Ann. de Ch. &c. xxiv. $35.) 


* See his Annals of Philos, vols. 1 and; and Mr. Smithson’s paper, 
Phil, Trans, 1813. 
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3. Dathine. This substance was extracted by Layen from the 
bulbs of the Dalhia by the following process: The pulp was 
diluted with about its weight of water, filtered through cloth, 
and mixed with 1-20th its weight of pulverized chalk; then 
boiled for half an hour and Hered: The residuwix 
bulbs was diluted with boiled water and again pressdd, 
the solutions being united, were evaporated to 3-4ths of 
volume, mixed with 4 per cent. of animal charcoal, and clari- 
fied with yelk of ego. From the liquor, filtered and evapo- 
rated to a pellicle, the dalhine separated on cooling, in the 
proportion of about four per cent. of the bulbs. 

Dalhine when pure is white, pulverulent, without taste or 
smell, of sp. gr. 1.356; more soluble in ‘hot than in cold 
water, and insoluble in alechol, which precipitates it from its 
watery solutions. It is soluble in cold potassa, but not in 
liquid ammonia. Sulphuric acid changes it into an uncrys- 
tallizable sugar of greater sweetness than that formed with 
starch. It appears to have most analogy with starch and 
inulin, but differs from them in assuming a granular form 
when a watery solution of it is evaporated to a pellicle, in spe- 
cific gravity, &c. (Ann. de Chim. et de Phys. xxiv. 209.) . 

4. Inulin. When the roots of the inula helenium, or ele- 
ceampane, are boiled some time in water, the decoction, after 
standing some hours, deposits a white powder like starch, 
but differing in its chemical qualities. Rose, who was the first 
person that investigated its properties, found that it is insolu- 
ble in cold water; but that it readily dissolves in four times its 
weight of boiling water into a liquid which is somewhat muci- 
_ laginous and not quite transparent. After some hours, the 
substance precipitates from the water, in the’form of a white 
powder; and it may also be thrown down by alcohol. When 
placed on burning coals, it. melts as readily as sugar; emits a 
similar smell; and is consumed, leaving a very small residuum 
of charcoal. When treated with nitric acid, it yields oxalic 
and malic acids; or acetic acid if too much nitric acid be em- 
ployed. It differs, however, from gum in not affording, by 
this treatment, any saccholactic acid; and from starch (be- 
sides separating spontaneously from hot water,) in. yielding 
none of the waxy matter, which is formed when: starch is 
digested with the same acid. 
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Inulin has since been examined by M. Gaultier de Claubry, 
who has pointed out the following characters as discriminat- 
ing it from fecula or starch. Itis much more soluble than starch 
in hot water, with which it does not form a jelly, but is depo- 
cooling in the form of a white powder. It dissolves, 
ir or five times its weight of water at 140° Fahren- 
id the solution, when evaporated, becomes viscous, 
but not gelatinous. With iodine, it forms a greenish-yellow 
compound, which is spontaneously decomposed, in part at 
least, in a short space of time. The inulin remains lightly 
coloured yellow, and retains a portion of iodine. Muriatic 
acid, as well as solutions of pure alkalis, render starch gelati- 
nous, but dissolve inulin without giving any jelly. Concen- 
trated sulphuric acid, which carbonizes starch, and is at the 
same time converted into sulphurous acid, dissolves inulin 
without any extrication of sulphurous acid; and the inulin 
may be precipitated byammonia. ‘These properties appear to 
be sufficiently characteristic to entitle inulin to be considered 
as a distinct vegetable substance. To obtain it in a state of 
purity, M.de Claubry recommends to boil the roots of ele- 
campane in a sufficiently large quantity of water; to filter the 
liquor, and to evaporate it to the consistence of an extract, 
which is to be washed with cold water. From the washings, 
there falls a considerable quantity of inulin, which is to be 
gently dried, not however on filtering papers as it adheres to 
this too firmly to be got off.* 

Inulin has been found by Pelletier and Caventou, in the root 
of the Colchicum Autumnale, remaining after the successive 
action of ether, alcohol, and water. To distinguish it from 
starch, they pour into a decoction of the substance supposed 
to contain inulin, an infusion of nutgalls. An immediate pre- 
cipitation ensues. Qn heating the eee eradually, the pre« 
cipitate is redissolved at ieee 122° Fahr. if the starch be pure, 
but if inulin be present it is not redissolved till the liquid ap- 
proaches 212°. (Ann. de Chim. &c. xiv. 82.) Inulin con- 
stitutes an ingredient also of the roots of the dnthemis Pyre- 
thrum, and of the Angelica Archangelica, and, according to 

Dr. John, of the gall nut. (Do. viii. 102.) 


* 94 Ann. de Chim. 200. 
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‘5. Fungin. This substaice has been extracted by Bracon- 


not* from the fleshy part of mushrooms. | It may be obtained 


by washing off the soluble ingredients with hot water, to which 
a little alkali has been added. ‘There remains a white, insipid, 


soft, and but little elastic substance. It has a fleshy structure, 


and is in a high degree nutritious, and free from deleterious 
properties. When dry, it burns vividly, and emits an odour 
resembting that of bread. By destructive distillation, it yields 
ammonia, and not an acid like wood. It differs, also, from 
lignin, in being insoluble in alkaline solutions, except when 
they are heated and very strong. Pure ammonia dissolves a 
portion of it, but deposits it on exposure to air. | 3 
~ Weak sulphuric acid has no action on fungin. ‘The con- 
centrated acid chars it, and sulphurous and ‘acetic acids are 
formed. Muriatic acid dissolves it slowly, and converts it'into 
a gelatinous matter. When heated with diluted nitric acid, 
azotic gas is disengaged. In this property, and in the results 
of its putrefaction, as well as in yielding ammonia on distilla- 
tion, it approaches very nearly to animal substances. | 

6. Polychroite. This name has been given, by Bouillon La 
Grange and Vogel, to the extract of saffron prepared: with 
alcohol. It has a very intense yellow colour, ‘a bitter taste, 
and an agreeable smell. It is soluble in water and in ‘alcohol ; 
and the solution, by exposure to light, gradually loses’ its 
colour, which is destroyed, also, by chilotine.: A few drops of 
sitsburté acid change the colour to a beautiful — and 
nitric acid, added in Tike manner, to green. 

’ Polychroite unites with lime, potassa, and baryta, and affords 
with those bases soluble compounds. Sulphate of iron preci- 
pitates it of a dark brown colour. By destructive distillation, 
it yields an acid liquor containing chains and carbonic — 
and carbureted hydrogen g gases. 

7. Hematin is the colouring matter of big Hematoxylon 
Campechianum, or Logwood, ‘atitl was first recognised by 
Chevreul as a distinct vegetable substance. ‘To obtain it, 
digest finely ground logwood, for several hours, in water of a 
temperature between 120° and 130° Let the filtered liquor 
be evaporated to dryness, and the residue be digested for a 


*79 Ann, de Chim, 267, 
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whole day. in alcohol of sp. gr. 0.835. Filter the solution, 
concentrate it by evaporation, then add a, little water, evapo- 
rate a little farther, and’ leave it to itself. Small brilliant 
crystals will’ be deposited. in abundance, of a reddish-white 
colour, and a slightly bitter, astringent, and acrid taste. 
Thev are soluble in boiling water, and impart to it an orange: 
red colour, which becomes yellow when the liquid cools, but is. 
restored by heat. The solution on evaporation again yields 
crystals of hamatin. Acids, with the exception of the sulphu- 
rous acid, which destroys its colour, render the solution first 
yellow and then red. Caustic alkalis render it purplish red, 
or in large quantity violet, then reddish brown, and finally 
yellowish brown; and the colour cannot afterwards be restored 
by adding acids.. Hence the hematin is decomposed. 
Gelatin precipitates it from water in yellow Bern (Ann. de: 
Chim. Ixxxi. 128.) | 

8. Nicotin. ‘This is the principle in which oe the active 
properties. of tobacco (nicotiana), from-the juice of which it 
may be extracted by the following process of Vauquelin.* 
Evaporate the expressed juice to one fourth of its bulk, and 
pour off the fluid from the gritty matter which separates on 
cooling. Repeat this operation as often as any similar deposit 
takes place ; and, when the fluid is so much inspissated that 
nothing farther can fall, digest itin alcohol. Distil off the 
alcohol, and concentrate the residual matter to dryness by a. 
very gentle heat. Dissolve this again in alcohol, and again. 
reduce it to a dry state. In this state, it still contains both 
acetic and malic acids; it must therefore be dissolved in water, 
and very cautiously saturated with potassa. When this liquid 
is distilled to dryness, a solution of nicotin passes into the 
receiver. By dissolving the residual matter in water, and again 
distilling, repeating this process several times, the whole of 
the nicotin may be obtained in aqueous solution. ‘Fhis solu- 
tion is colourless; has the peculiar smell of tobacco; and 
occasions violent sneczing. Its taste is acrid, and it possesses 
poisonous qualities. According to Vauquelin it is precipi- 
tated by tincture of galls, and it approaches most nearly in 
its properties to the volatile oils. 


* Ann, de Chim, Ixxi, 139. 
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9. Pollenin. The pollen of tulips was ascertained by Pro- 
fessor John to contain a peculiar substance; which was at first 
confounded with albumen; but to which he has since given 
the name of pollenin.* It is insoluble in alcohol, ether, water, 
oil of turpentine, naphtha, carbonated and pure alkalis; 
and when distilled yields ammonia and an acid liquor. It has 
a yellow colour, and is destitute of taste and smell. By 
exposure to the air it putrefies, and acquires the smell of 
cheese. It is extremely combustible, and burns with great 
rapidity and flame, in consequence of which the pollen of the 
Lycopodium clavatum has been often used in theatrical exhibi- 
tions to imitate lightning. 

10. Emeiin. There are three different genera of plants that 
are employed under the name of Ipecacuanha; but it is the 
root of a species of callicocca, that is directed by the Pharma- 
copeeia of the London College. The cortical part of the 
root has been submitted to a skilful analysis by MM. 
Magendie and Pelletier, who have obtained from it about 14 
per cent. of a peculiar matter, in which the emetic virtue of 
the root exclusively resides, and which they have therefore 
called emetin.+ | 

To obtain emetin, powdered ipecacuanha is to be digested. 
with sulphuric ether, which removes a portion of fatty matter. 
Alcohol is then to be digested on the remainder; the tincture 
to be evaporated by a water bath; and the dried matter dis- 
solved in cold water, which separates the wax. It is next to 
be macerated on powdered carbonate of baryta, to remove 
the gallic acid; again dissolved in alcohol; and evaporated 
once more. The emetic principle remains in the form of 
transparent scales of a reddish brown colour. It has scarcely 
any odour; has a slightly acrid and bitter, but not a nauseous 
taste: deliquesces in the atmosphere; is soluble in water and 
in alcohol in all proportions; and is incapable of being crys- 
tallized. It is decomposed by a heat exceeding that of boiling 
water, but gives no ammonia by distillation, which proves 
that nitrogen is not one of its elements. Gallic acid precipi- 
tates it from its solution; but the re-agent that most power- 
. fally affects it, is the sub-acetate of lead, which completely 


* Thomson’s Annals, vii, 49. } t Ibid..xi, 422. 
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precipitates it from all its solutions. It appears, therefore, 
that emetin is a substance, si generis, possessing distinct and 
peculiar properties, which are the same from whichsoever, of 
the plants, capable of affording it, it may have been obtained. 

Pelletier and Dumas have since obtained the emetic prin- 
ciple of the caephelis emetica, in a form so different from that 
above described, that it can scarcely be considered as the same 
substance. The decoction (it should appear) is to be mixed 
with pure magnesia, added. in quantity sufficient not only, to, 
saturate the free acid, but to decompose the salt of which the 
emetic principle is the base. The liquid is to be decanted, and 
the sediment washed with cold water, then dried carefully, and 
digested in alcohol. To deprive it of all colour, it may be 
united with an acid, treated with animal charcoal, again 
detached by magnesia, and redissolved in alcohol. By evapo- 
ration at a gentle heat, itis obtained white or yellowish, pul- 
verulent, little soluble in cold water, but more so in hot, fusible 
at 122° Faht., very soluble in alcohol; but not sensibly so in 
ether or in oils. It exhibits in a high degree an alkaline 
re-action, and saturates acids, without however giving crystal- 
lizable salts. Jt has no action on sub-acetate of lead, which 
is abundantly precipitated by the coloured substance above 
described, and its effects on the animal system were found to 
be produced in an equal degree in one-third the quantity. 
Its analysis gave 
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99.59 


A bitter -acrid principle, possessing emetic properties, has 
also been extracted by Boullay from the viola odorata, but its 
chemical properties have not been fully detailed. (Quart. 
Journ. xvii. 385.) 

11. Sarcocoll. This substance is the spontaneous expdielir 
of the Penea Sarcocolla, a plant which is a native of Ethio- 
pia. It.is brought over in small pieces, which are about the 

-size of peas, ie which are oo of a pale red, or yellowish 
white colour. 


332 VEGETABLE SUBSTANCES. CHAP. X. 


- Sarcocoll dissolves in the mouth like gum, and has a 
sweetish taste, after which there remains an impression of 
bitterness. It is soluble both in water and alcohol, and a strong 
solution of it forms a mucilage, which may be used for ‘the 
purpose of a cement. Its most remarkable property is, that 
its solution is precipitated by tan, which distinguishes it suffi- 
ciently from gum. Thesubstance most nearly approaching to 
it in chemical characters, is liquorice, the saccharine matter 
of which has a near resemblance to sarcocoll. (See Robiquet, 
Ann. de Chim. lxxii. and Thomson’s Chemistry, iv. 31.) 

12. Olivileisa name given by M. Pelletier to the substance 
which remains after gently evaporating the alcoholic solution 
of the gum which exudes from the olive tree. It is a white 
brilliant starchy powder, and sometimes it forms flattened 
needles. It has no smell, but its taste is a mixture of bitter 
and sweet with something aromatic. It melts at 158°, and on 
cooling resembles a slightly yellowish transparent resin. Cold 
water scarcely acts upon it, but hot water dissolves 1-32d. It 
dissolves readily in alcohol, but not in ether or in volatile oils. 
Nitric acid dissolves it with heat, acquires a red colour, but 
becomes yellow on cooling and deposits oxalic acid. Acetate 
of lead precipitates its aqueous solution in flakes which are 
soluble in acetic acid. (Ann. of Phil. xii. 33.) 

18. Medullin is a name given by Dr. John to the pith of 
the sun-flower. (Helianthus Annuus.) It is destitute ‘of 
taste and smell; insoluble in water, ether, alcohol, and oils, 
but soluble in nitric acid, which converts it into oxalic acid; 
and, when decomposed by destructive distillation, it leaves 
charcoal having a metallic lustre like bronze. (Thomsen’s 
Chemistry, iv. 180.) 

14. Lupulin. This name has been given by Dr. Ives, not 
to any distinct vegetable principle extracted by chemical 
means, but to an impalpable yellow powder, in which he 
believes the virtue of the hop to reside, and which may be 
obtained by beating and sifting the hops used in brewing. 

It appears to be peculiar tothe female plant, and is pro- 
bably secreted by the nectaria.. In preserving beer from the 
acetous fermentation, and in communicating an agreeable 
flavour to it, lupulin was found to be equivalent to ten times 
its weight of hop leaves, It is itself a compound substance, 
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consisting of tan, extract, a bitter principle, wax, resin, and 
lignin. If analyzed by the methods of Pelletier and Caven- 
tou, ‘it is not improbable that an ingredient might be disco- 
vered’in the hop of an alkaline nature, in which its narcotic 
virtue would be found to reside. (See Ann. of Phil. N.S. 
i. 194.) ) 163 | 

15. Cathartine. In examining the leaves of Senna, Las- 
saigne and Fenuelle obtained a peculiar substance, to which, on 
account of its acting as a brisk purgative in very small doses, 
they gave the name of cathartine. A strained ‘decoction of 
the leaves was precipitated by subacetate of lead, the precipitate 
washed and diffused through water, and then decomposed by 
sulphureted hydrogen. ‘The liquor was filtered, evaporated 
to dryness, digested in alcohol, ‘and the latter solution evapo- 
rated to dryness also. It contained acetate of potassa, which 
was decomposed by adding alcohol acidulated with a little | 
sulphuric acid; the sulphate of potassa was. separated. by 
filtering, and the excess of sulphuric acid separated by acetate 
of lead. Sulphureted hydrogen was again passed through 
the liquid, which, when filtered and again evaporated, gave 
the substance which they ‘have called cathartine. It had a 
reddish colour, a peculiar smell, and a bitter nauseous taste ; 
it dissolved in alcohol and water in all proportions, but: was 
insoluble in ether. It became moist by exposure to the air. 
(Ann. de Chim. et Phys. xvi. 16.) ee ee 

16. Colocyntine. The alcoholic solution of colocynth was 
found by Vauquelin to yield a very brittle substance of a gold 
yellow colour, partly soluble in water. ‘The aqueous solution, 
when heated, becomes turbid, and yellow drops form both on 
its surface and bottom, resembling a fused resin, which when 
cold become hard and brittle. This bitter resin-like substance 
is slightly soluble in water; considerably so in alcohol and ' 
in alkaline solutions; and abundantly precipitated by infusion 
of galls, but not by acetate of lead. It contains the bitterness 
of the colocynth, and appears to M. Vauquelin to be a parti- 
cular princinle, for which he peepee the name of sbaies 1S 
(Quart. Journ. xviii. 400.) 

17. Of the active principles of Rhubarb and of Jaiap. © Of 
these we have but imperfect accounts, and I therefore refer for 
the little that is known respecting that of rhubarb to the 
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Quarterly Journal, xvi. 172. and 1 iciiego that of Jalap to 
the same work, xvii. 386. 

18. Piperine has been extracted by M. Pelletier from black 
pepper, by digesting it in alcohol, and evaporating thesolution, 
which left a fatty resinous matter. This, after being washed 
in warm water, was of a green colour, and had a hot burning 
taste. It dissolved readily in alcohol, and less readily in sul- 
phuric ether, and the solution by heated alcohol, when left 
for some days, deposited a number of small crystals. ‘These 
being purified by repeated solutions and crystallizations, 
gradually lost their taste of pepper, which accumulated in the 
uncrystallizable fatty matter. The crystals of piperine were 
four sided prisms ; they were almost tasteless; were insoluble 
in cold and sparingly soluble in hot water ; were very soluble 
in alcohol, and less soin ether; soluble in acetic acid, from 
which they separated in feathery crystals. Weak acids did 
not dissolve, and strong acids decomposed them. Sulphuric 
acid acquired, by being hested with them, a blood red ‘colour, 
which disappeared on dilution. They fused at 212°, and, 
when decomposed by peroxide of copper, gave only water and 
carbonic acid. 

In addition to piperine, M. Pelletier detected in pepper an 
acrid fixed oil; a volatile oil; a coloured gummy matter ; 
extract, starch, and several other known vegetable principles. 
(Ann, de Chim. et de Phys. xvi. 337.) 
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CHAPTER XI. 


RESULT OF THE SPONTANEOUS DECOMPOSITION OF 
VEGETABLE SUBSTANCES. 


——<>————— 
SECTION I. 
Vinous Fermentation. 


Tur phenomena and results of the vinous fermentation may 
be accurately examined, by means of an apparatus similar to 
that which is described in Lavoisier’s Elements, part iii. ch. vi. 
A more simple one, however, will sufficiently answer the pur- 
pose. It may consist of a large glass mattras, shaped like 
fig. 4, capable of holding 10 or 12 pints. Into the opening of 
this mattras, one leg of a glass tube, which has been twice 
bent at right angles, or into the form of a syphon, may be fixed 
by means of a perforated cork and cement. ‘The aperture of 
the other leg of the syphon may terminate in a two necked 
bottle, from which a bent glass tube is to proceed, and to be 
carried under the shelf of the pneumatic.trough, or (which is 
better) into the receiving-pipe of a gazometer, fig. 35, b. The 
mattras may then be half filled with a solution of sugar in a 
proper quantity of water, or with an infusion of malt; and in 
either case a little yeast must be added. When the vessel is 
placed in a room, the temperature of which is not below 60° 
Fahr. the fermentation soon begins to take place; a brisk 
motion is observed in the liquid; it becomes turbid, and depo- 
sits some impurities, while a frothy scum rises to the surface. 
When the materials are in large quantity, viz. sufficient to fill 
a cask, a hissing noise is heard in the liquid, and its bulk in- 
creases so much, that if the vessel were full, it soon begins to 
overflow. At the same time, an immense quantity of gas 
escapes, and passes, through the bent tube, into the receiver, 
which is inverted in the pneumatic trough, or into the gazo- 
meter. During the process of fermentation, the liquor pre- 
serves a higher temperature than that of the surrounding 
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atmosphere. After some days, these appearances gradually 
decline; and, if the process has been well conducted, and 
suspended at the proper period, the result is a liquor, not 
sweet, like that submitted to experiment, but having a vinous 
taste and smell, and the intoxicating ponies ofa ferinented 
liquor. | | 

_ When the gas, contained in the gazometer, is examined, it 
is found to be carbonic acid, holding in solution a portion of 
alcohol, which gives it, an odour like that of the fermented 
liquor. On submitting the liquor to distillation, we obtain a 
fluid considerably lighter than water, and having a strong 
spirituous taste. 

It is from fermented liquors that all the varieties. of spirits, 
known under the names of brandy, rum, spirits of wine, 
arrack, gin, and whisky, are obtained; and they differ’ from 
-each other: merely in flavour and strength: essentially, they 
all. consist: of the same ingredient,; which, when deprived 
of the water with which it is combined, is called alcohol. By 
the temperature of the vapour at different periods of  distilla- 
tion, it has been shown by M. Groening, that it is easy to 
“ascertain the strength of the spirit which is coming over at the 
time. (Ann. of Phil. N.S. iv. 396, and v. 313.) 


ia 
SECTION it bs 


A leohol: tice 


Iv had been a subject of controversy whether the alcohol, 
obtained by the distillation of wines, aii] of other fermented 
liquors, exists ready formed. in those liquors, or is actually 
generated, in consequence of a new arrangement of the ele- 
ments of the fluid by the inereased temperature at which the 
distillation is carried on. The latter opinion was supported 
by Fabroni,* and. had gained considerable currency, till, it 
was completely set aside by. Mr. Brande,+- in two memoirs; 
in the first of which it, was shown, that the quantity of alcohol 
resulting from the asulanon of wine, is neither increased nor 


* Ann. de Chim. xxx.220, st Phil. Trans, 1811, 1813. 
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diminished by a variation of temperature equal to 20 degrees 


of Fahr.; and in the’ second, that alcohol may be’ obtained’ 
from fermented liquors, without the intervention of heat, by 
processes in’ which nothing more can be effected than the’ 
separation of water. . 

Istly. When a solution of acetate of lead (sugar of lend), 
or of subacetate of lead (Goulard’s Extract), is added to wine, 


a dense insoluble precipitate.is quickly formed, consisting of a” 


compound of the metallic oxide, with the acid and extractive 
colouring matter of the wine. .On filtering the fluid, we ob- 
tain a mixture of alcohol, water,‘and a portion of the acid of 
the metallic salt, provided the latter has not been added in 
excess, in which case a part of the salt remains undecomposed. 
From this liquid, hot and dry subcarbonate of potassa sepa- 
rates the water; and the alcohol floats at the top, forming a 
distinct stratum. ° By operating on artificial mixtures of alco- 
hol and water, Mr. Brande found that when the alcohol is not 
less than 16 per cent. the quantity, indicated by the subcar- 
bonate,. was. always within one half part in 100 of the real 
proportion. contained in-the mixture. The experiment may 
be performed in a glass tube, from half an inch to’ two inches 
diameter, accurately graduated into 100 parts.” 

2dly. ‘To ascertain in a more simple way the quantity of 
alcohol in any wine, its acid may be saturated with potassa, 
and a given measure then distilled with. a gentle heat nearly 
to dryness; the deficient bulk of the distilled liquor being 
made up with distilled‘water. This mixture is to be shaken, 
and set aside for 24 hours. Its specific gravity wiil then show 
the quantity of alcohol which the wine contains, and which 


may be immediately seen by referring to Mr. Gilpin’s Table, . 


an abstract of which will be given in this section. 

3dly.. Gay Lussac* had recommended: the substitution of. 
very finely powdered litbarge for the acetate of lead; and has 
added the important fact, that wine distilled in vacuo, at the 
temperature of 60° Fahr. affords alcohol; a convincing proof, 
that the alcohol obtained is merely separated, and not formed, 
by the process of distillation. This discovery has been applied 
to practice; and it has been found that’spirits, distilled ‘at a 
po MIO al bont ME SOD BC AN 6 OE 8 aon Rte ner 

|  # 86 Ann. de Chim. 175. | 
VOL. II. 7; 


JR, 
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low temperature iz vacuo, are of superior flavour to those pro-= 
cured by a distillation conducted in the ordinary mannet. 
From an extensive series of experiments, Mr. Brande has 
constructed the following Table. (Manual of Phaimacy, 
p- 167.) Seer 


Table of the Quantity of Alcchol, of specific pene 825 ¢ at 
GO° Fahr. in various Wines, ec. 


Proportion of 
Spirit per cent. 

by measure. 
1S OCA ee ae . 18,94 
| 14. Malaga (1666) .. 18,94 
15. Bucellas ........ 18,49 
‘16. Red Madeira.... 22,30 
Dittoe esc A Renae oF 
| Average 20,35 
17. Cape Muschat .. 18,25 
18. Cape Madeira .. 22,94 
Ditto ° Le 00s. G2OV80 


Proportion of 
Spirit per cent. 

ly measure. 
Yi RISE we tb eb ok Ose 
bBo RP a ae oa 24,35 
Average ~ 25,41 
2. Raisinwine...... 26,40 
Dy wien 8 och Io a ace Pe Dad, 
PSC wie Vina s fos 62380 
Average 2oyke 
3, Marsala ........ 26,03 
DG OSE us Ti 25,08 


Average 25,09 DittOoig es isle. we Sh Bghk 

RR S922 a MAN PNP S 6 SY oe Average 20,51 
Ditto ....+c00.- 24,29 | 19. Grape wine,.... ps be 
To ska ee ae 5. 23, 71 | 20. Calcavella ...... 19,20 
Desh. Une abies Dike 2 SS ao 
Pics Pye . 22,30 Average 18,65 


Ditto @eeetLoeee 21,40 
Ditto . 7. eevee @ 6 @ ® 1S,00 
Aver age 22,96 


21. Vidonta «ss see 19j25 
92. Alba Flora...... 17,26 
23. Malaga. os .+45+s 126 


5. Madeira ...... we 24,42 | 24. White Hermitage 17,43 
OES ea cies ... 23,93 | 25. Rousillon ...... 19,00 
Ditto (Sercial) .. 21,40 | Ditto v2.2 
Tithe ind. ek. 62 225 Bes Average 18,13 


Average 22,27 
6. Currant wine.... 20,55 | 
TA RNETLY | eihitcei ag o's, 2 OsOL 


26, Clavel acide Sey teigia eles Lol, 
Ditto @soeoeeseeeon 16,32 
Ditto eoee@esotese 14,08 


Ditto eevee ae oe © 19,83 Ditto ceoeeeee eee 12,91 
DIGG osc see's seis, LB STO Average 15,10 
Pitta. i 6d .». 18,25 | 27. Malmsey Madeira 16,40 


Average 19,17 

& Teneriffe o .)e:06 4) LOy79 
9. Colarés:. oc snes . 19,75 
10. Lachryma Christi 19,70 
11. Constantia, white 19,75 
12, Ditto, red eee ee 18,92 


29.) Lundhysi buble wdsieg 
295; eR EZ Ly deemwrer dbase 
80, Bee bas stata kpace 
81. Sauterne....:... 14,22 
2%, Burgundy . aetsts ALG SOU 

DMO ee res ieee e 15,22 
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Table continued. 


Proportion of Proportion .of | 


Spirit per cent. Spirit per cent. 

by measure, by measure. 
Barges écedve 14,53 don manufactu- 
Ditton sec hee 2 PEG ak tisten ae 11,26 


} Average 14,57 | 44. Tokay.......... 9,88 
$5: THOEKR <0. bee ee, 14,97 4 45. Elder wine. .... 8,79 


Ditto ..... 13,00 | 46. Cider, highest ave- 
Ditto (old in ‘cask) 8,88 Tages bik 6% 9,87 
Average . 12,08 Ditto, Warest, ae 5,21 

34. Nice .....+++++ 14,63 | 47. Perry, average of 
SD. LFAYSACic vc oo o> ote Eek foursamples.. ie ate PokO 
36. ‘Tent’ ..... . 13,30 | 48. Mead . salah Cae 
ee Champagne (still) 13,80 | 49. Ale (Burton) .. 8,88 
Ditto (sparkling) 12,80 | Ditto (Edinbur ah) 6,20 
Ditto (red)...... 12,56 Ditto(Dorchester) 5,56 
Ditto (ditto) .... 11,30 Average 6,87 


Average 12,61 | 50. Brown stont. . . 6,80 
. Red Hermitage.. 12,32 | 51. London porter (ave- 


a Vin de Grave. . 13,94 ch Rane ay 4,20 
THEO IS Od  ADQEO | 52. Ditto small beet 
_ Average 13,37 (ditto). \ya'slsiesie xh OS 


40: Frontignac...... 12,79 | 53. Brandy .....++. 53,39 
Al. Cote PLOMe se acs 12,32 54, Rum @ee2e eo 020828 53,68 


AQ. Gooseberry WIG ub boot ty Da GFID vee 's os ap. 4'e s » 51,60 
43, Orange wine—ave- 56. Scotch Whiskey... 54,32 
rageofsi six samples 57. Irish ditto ...... 53,90 


made by a Lon- 


. Some doubt may, perhaps, be excited of the accuracy of 
this Table, by a reference to the comparative intoxicating 
effects of pert wine and brandy, the latter of which certainly 
are more than double those of the former. But it is to be— 
considered that, in wine, the alcohol is in a state of combina- 
tion with several other ingredients, which must necessarily 
diminish its activity on the animal system. Variations in 
each kind of wine from the above proportions, may, however, 
be expected to arise from the variable purity of the liquors 
that may be the subjects of experiment. In Mr. Brande’s 
analyses, great pains were taken to empty such wines as were 
pentoelly unadulterated. 
1. To prepare alcohol, the spirit of wine of the shops may 
be employed. To any quantity contained in a glass vessel, 
Z 2 


340 ~ DECOMPOSITION OF VEGETABLE SUBSTANCES. CHAP, XI. 


the sub-carbonate of potassa, perfectly dry, and heated to 
about $00° Fahr. is to be added; the mixture is to be well 
shaken ; the clear liquor decanted; and this is to be repeated 
as long as the alkali is moistened by the spirit. When enough 
has been employed, the next addition will fall to the Géttom 
in a perfectly dry state. The dry chloride of calcium (fused 
muriate of lime) may be advantageously used as a substitute 
for alkali. Or it may be employed to strengthen. alcohol, 
which has been first concentrated by the mild vegetable alkali; 
but it appears doubtful whether a little ether is not produced 
by its action. Saussure, however, is of opinion that this Is 
not the case with aleochol which has been only twice treated 
with chloride of calcium, of which he employed, at two opera- 
tions, first a quantity equal to half the weight of the spirit of | 
‘wine, and secondly an equal weight. When the chloride is 
no longer moistened on being added to the spirit, we may 
conclude that enough has been used. 'Twoydistinct strata will 
then be seen in the liquid, the solution of muriate of lime in 
water, at the bottom, and the alcohol at the top. The latter 
is to be decanted, or drawn off by a syphon, and. then sub- 
mitted to distillation at a gentle heat, reserving only the por- 
tions which first pass over. Gay Lussac reehmiend’ quick- 
‘lime or baryta, in preference to muriate of lime; and Dubuc 
advises the use of dry alumina, by which he brought alcohol 
to the specific gravity .817, without any risk of forming ether 
by the process.* It has been found also that spirit of wine 
of sp. gr. .867, when inclosed in a bladder, .and exposed for 
some time to the air, is converted into alcohol of sp. gr. 
0.817, the water only escaping through the coats of the bladder, 
(Quart. Journ. vill. 381, and xviil. 180. 

IT. 1. Alcohol is considerably lighter than water. The 
lightest that can be obtained, by Saal distillation, from 
_ spirit of wine, has the specific gravity of .825, distilled water 
at 60° Fahr. being 1. By the intervention of substances: 
which strongly attract water, Chaussier brought it to the spe- 
cific gravity of .798; Gay Lussac to 0.79235 at 64°; and 
Lovitz and Saussure, jun. to .791 or .792 at 68° Fahr. = .796 
at. 60° Fahr. Alcohol of the specific-gravity .820 still con-. 
tains, according to Lovitz, about ~,th its weight of water, and 

* 86 Ann. de Chim. 314. ! 
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when of specific gravity .917 at 60° Fahr. it consists of equal 
weights of alcohol, specific gravity -796, and water. By 
an act of parliament passed in 1762, the specific gravity of 
proof spirit at 60° was fixed at .916, but .920 may be con- 
sidered as nearer the standard now adopted for proof spirits 
in this country. The term above proof is used to denote a 
spirit lighter than this, and wnder proof one which contains ‘a 
larger proportion of water. Rectified spirit is directed, by 
the London Pharmacopeceia, to have the specific gravity of 
835, but it is seldom sold lighter than .840. 

The quantity of alcohol and water, in mixtures of different 
specific gravities, may be learned from Mr. Gilpin’s copious 
tables, of which the following is a brief abstract.* 


Zi ii showing the Specific Gravity of the Mixtures of Alcohol 
and Water. 


SPECIFIC GRAVITIES. 
According to | According to Gilpin 


Centesimal Parts of 


ww. 


the Mixture. Chaussier. (last Table.) 
Alcohol... .100 0.7980 0.825 

95 0.5165 0.83887 
90 0.8340 0.85244 
85 0.8485 0.86414 
80 0.8620 0.87606 
75 | 0.87525 0.88762 

"a 0.8880 0.89883 
G5 0.9005 0.90941 
60 0.9120 0.91981 
55 0.9230 0.92961 
50 0.9334 0.93882 
45 0.94265 0.94726 
40 | 0.9514 0.95493 
35 0.95865 0.96158 
30 0.96535 0.96736 
25 0.97035 0.97289 
20 0.97605 0.97723 
15 0.9815 0.98213 
10 0.9866 0.98737 

5 0.99535 0.99327 

0 0.99835 1.00000 


rv see eee USED SEO Eee cine meen nn beeen eens en Se 

* Philosophical Transactions, 1794, or Nicholson’s Journal, 4to. vol. i. 
Mr, Gilpin’s standard alcohol had the specific gravity of .825, and Chaus- 
sier’s of .796. The Tables of Mr. Gilpin are much too long to be inserted 
without abridgment in this work. 


& 
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_ It is on. many occasions useful to know the proportion of 
the strongest alcohol that has hitherto been obtained, in 
mixtures of alcohol and water of different specific gravities. 
This is shewn by the following Table, constructed by Lovitz. 
It is founded.on a series of experiments in which alcohol of 
the sp. gr...791 at 68° was mixed with various proportions of 
water; allowed to stand during 24 hours; and then examined 
for its sp. gr. at the temperature of 68°. The fourth column 
has been added by Dr. Thomson, to express the sp. gr. at 
60°, the temperature commonly preferred in this country. 


Table of the Strength of Alcohol of various Densities. 


100 Parts Sp. Gravity. 100 Parts. Sp. Gravity. | 


Alcoh, |"Wat,| at 68°. | at 60°. at 68°, | at 60°. 
100 |— | 791 | 796 859 863 
99 1 794 | 798 S61 | 865 
98 B4797 1 801 863 | 867 
97 3} 800 | 804 866 870 
96 4 | 803 | 807 868 871 
95 5°| 805 | 809 870 874 
94 6 | 808 | 812 872 875 
93 71 811 | 815 875 879 
92 8 3°813 1/817 877 880 
91 91 816 | 820 880. 883 
90 | 10] 818 | 822 882 886 
89 | 11 821 | 825 885 889 
88 12° °823 | 827 887 — 891 
87, | 43: 1° $26 |:836 889 893 
86 | 141 828 | 832 892 896 
85 15 1831 1/885 894 898 
84 16 | 834 | 838 896 900 
83 17 | 836 | 840 899 903 
821.18 839 | 843 ! 901 904 
81 19 | 842 | 846 55 903 906 
80 | 20| 844 | 848 | | 905 908 
79 | OY 4°"'847 | B51 ar? 907 910 
78 |:99 1) 849 | 853 © ‘| 909 912 
77 | 23 | 851 | 855 51° 49) 912 ors ~ 
76 | 24 | 853 | 857 50 | 50.| 914 1 917 
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Table continued. 


100 Parts. Sp. Gravity. 100 Parts. Sp. Gravity. 
Alcoh. | Wat.] at 68°. | at 60° || Alcoh. | at 68°. at 60°. 
48 52 | 919 922 23 968 970 
47 | 53 | 921 924 22 970 972 
46 54 | 923 926 © Z1 971 973 
ADS 55 | 925 928 || 20 973 974 
4A 561.227 930 19 974 975 
43 57 | 930 eo ae eae Ye 976 
42 | 58*| 932- | 935 17 977 
41 59° | 934 cit Md alae 978 
40 | 60 |. 936 939 15 980 
39 61 | 938 941 14 981 
33 62 | 940 | 943 13 983 
387. | 63 | 942 945 12 985 
36 64 | 944 947 1] 986 
35 | 65 | 946 949 10 987 
34 66 | 948 941 9 988 
33 67 | 950 953 8 989 
32 68 | 952 955 x 991 
31 69 | 954 857 6 992 
30 70 | 956 958 5 994 
29 71°) 957 960 4: 995 
28 72 | 959 962 3 997 
27 73 | 961 963 Z 998 

26 74 | 963 965 1 999 £ 
Zh 75 | 965 967 ——s 1000 
24 76 | 966 968 


2. Alcohol unites chemically with water; and caloric is 
evolved during this union. Equal measures of alcohol and 
water, each at 50° Fahrenheit, give by sudden admixture an 
elevation of nearly 20° of temperature; and equal measures 
of proof spirit and water occasion an increase of 91°, The 
bulk of the’ resulting liquid is less also than that of the two 
before admixture. ‘Thus a pint of alcohol and a pint of water; 
when the mixture has cooled to the temperature of the atmo-~ 
sphere, falls considerably short of two pints. 


et ea 
is . 
Vr 


‘It consists of a glass vessel, formed of two spherical | 


the lower end. The upper bulb has a neck and 
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This diminution of bulk is best shown by a contrivance 
of Dr. Marcet, represented inverted in the annexed sketch. 


bulbs connected together, and terminating in a tube ” 
about 12 inches long, which is her elgally sealed .at 


ground stopper. .The tube and lower bulb are first to 
be filled with water, and the upper bulb with alcohol. 
The stopper being put ‘into its place, the instrument 
is to be inverted, as shown in the figure; when the 
two fluids will unite; heat will be evolved; and on 
cooling to their original temperature, an empty space 
will be seen in the tube. ‘The same instrument may 
be employed to show the diminution of bulk in sulphu- 
ric acid and other fluids by mixture with water. 

An exception to this law’ is) stated by 'Thenard 
(Traité de Chim. ii. 309) in alcohol of density 0.9707 ; 
for 5 parts of this alcohol, mixed with 5 of distilled water; 
give a mixture of sp. gr. 0.9835, which is less than the mean 
(0.9854) of the alcohol and water before mixture. Hence, in 
this case, there must have been a dilatation of volume. 

3. Alcohol is extremely volatile, and produces considerable 
cold by its evaporation. When a thermometer, after being 
immersed in spirit of wine, is suspended in the air, the quick- 
silver sinks two or three degrees. By repeated dippings and 
exposures, and by blowing upon the bulb with a pair of bellows, 
Dr. Cullen caused the thermometer to sink from 44° to below 
the freezing point. It has been found that the degrees of — 


cold, produced by the evaporation of spirits, are proportional 


to the strength of the spirits. Thus, if a certain degree of 
cold be produced by water, and another degree by alcohol, a 
spirit of half strength will give a degree of cold just half way 
between the two. Piast. Jour. x. 187.) 

4, Alcohol is highly inflammable, and burns away with a 
blue flame, without leaving any residuum. The light emitted, 
by its combustion is feeble; but considerable heat is evolved, 
and it is employed, therefore, as a source of: temperature in a 
variety of chemical processes. Duringiits combustion, car- 
bonic acid is generated; no charcoal appears 5 and a quantity 
of water.is produced which exceeds in weight the alcohol 
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employed, .in.the proportion, according. to. Saussure, of 132 
parts of water from.100 of alcohol. The flame of ‘alcohol: 
acquires a red colour from muriate of lime, a deep blood-red: 
from the muriate of strontia, anda green tinge from boracic 
acid. 

5. Alcohol is a fluid- which is remarkably oxinieisiialls bai 
heat. ‘Dividing the scale between the freezing and boiling 
points of water into two equal parts, Mr. De Luc has stated: 
that alcohol expands: 35 parts for the first 90°, and 45 parts 
for the second 90°. » The strength of his alcohol, however, is 
described only by the indefinite test of its firing gunpowder. 
Mr. Dalton found that 1000 parts of alcohol, of the specific 
gravity .817, at 50° Fahrenheit, became .1079 parts at 170°. 
At 110°, half way between the two extremes, the alcohol was 
at 1039, or half a division below the true mean. The more 
the alcohol is diluted with, water, the greater he found the 
disproportion to be between the two parts of the scale. Whem 
of the specific gravity 967, answering to 75 per cent. water, 
the ratio of expansion through the rad half between 50° and: 
170°, was to that through the second half as 35 to. 45, which, 
is precisely the same as. De Luc gives for pure alcohol. In 
reporting these results no account is taken of the expansion 
of the glass vessel, and consequently the real expansions may 
be RTS as rather exceeding the apparent ones which 
have been stated. 

6. Alcohol, sp. gr. .820, boils at 176°, or in vacuo at 56°. 
When of sp. gr. .§00 its boiling point is 173.5. If water be 
added, its boiling point is raised. Alcohol, sp. gr. 0.900, Mr. 
Dalton finds to boil at 182° Fahr., of sp. gr. 850 at 170°. 
In this case, as in others where two volatile liquids are mixed, 
the boiling point is varied, but not proportionably; for the 
mixture boils nearest-the boiling point of that which is most 
volatile. Thus a mixture of equal parts of alcohol of such 
strength as to boil at 170°, and water, ought by the rule of 
proportion to boil at 194°, but in fact it boils at 183°. A’ 
Table of the boiling points of various mixtures of alcohol and 
water may be consulted in the Ann. of Phil. N.S. v. 313. 

Alcohol of the specific gravity .8152 at 50° Fahr. gives a 
gas, the density of which is to that of the atmosphere as 1.613 
to 1, According to Berzelius and Dulong, the density of the 
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vapour of alcohol is 1.6004. (Ann. de Chim. ‘et Phys. xv. 
395.) -Of the forces of vapour of alcohol at different tempe- 
ratures, Dr. Ure has given a Table, (Phil. ‘Trans. 1818) 
which wil! be copied into the Appendix. ‘To become gaseous, 
alcohol absorbs only 0.436, the caloric required to NApOTla an ° 
equal weight of water. 
_ 4. Alcohol has never yet been congealed by any. kid 
method of producing artificial cold. Mr. Walker, of Oxford, 
found that it continued fluid at —91° Fahr. Even when diluted 
with an equal weight of water, it'requires a cold of 6° below 
0 to congeal it. Mr. Hutton, of Edinburgh, announced, 
indeed, several years‘ago,* that he had sueceeded in congealing 
alcohol of the sp. gr. .798, but neither a confirmation of the 
fact, nor-the details of his process, have yet been published. 

“8. Alcohol.has no action whatsoever, at common tempera- 

tures, on hydrogen, oxygen, or azotic gases, on atmospheric 
airy ner on carbon or boron. Chlorine decomposes it, muri- 
atic and. carbonic acids bemg formed ; a matter which has an 
oily appearance precipitates ; and some carbon also appears in 
a free state. | 

Alcohol dissolves iodine to a considerable extent ; probably, 
however, not.without a partial decomposition and formation 
of hydriodic acid. 

9. Alcohol is a powerful solvent. It dissolves soap; vege- 
table extract; sugar; oxalic, camphoric, tartaric,: gallic, and 
benzoic acids; volatile oils; fixed oils, sparingly, except 
castor'oil, which it dissolves in considerable quantity ; resins, 
and balsams.. It combines, also, with sulphur, phosphorus, 
and the pure alkalis; but not with their carbonates, nor, when 
pure, with any of the earths. Of the class of salts with alka- 
line, earthy, and metallic bases, alcohol dissclves some ‘copi- 
ously, others sparingly, and others not at ail. ‘The propor- 
tion, in which some of these are taken up, is stated in the 
following Table by Wenzel® the principal defect of which is 
the omission of the specific gravity of the alcohol employed. 

Two hundred and forty grains of boiling alcohol dissolve of 


* Nicholson’s Journal, xxxiv. 166. See also Thomson’s Annals, i. 221, 
and ii, 63, 471. rhn ; 
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Mr. Kirwan, also, has given us a very useful ‘Table, show- 
ing the power of sesh at different. specific gravities to 
dissolve several of the neutral salts. The salts were first 
deprived of their water of crystallization, and were digested, 
during three days, with alcohol, the temperature of “which 
never exceeded 80° Fahrenheit. 
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Some salts, also, when actually dissolved in water, are pre- 
cipitated by the addition .of alcohol. This:is the case chiefly 
with the sulphates, . several of which are precipitated immedi- 
ately, while others are not, separated without the Rae 
of heat:and a few days’ repose. . 3 

10. Potassium and sodium, when brought into contact with 
alcohol, rectified as highly as possible, pass to the state of 
potassaiand soda. by.absorbing oxygen. At the same time, 
hydrogen gas is evolved, a sufficient proof that water, or at 
least its.elements, are present in the purest alcohol. 

11. When the suboxide of platinum, prepared according 
to the process of Mr. I, Davy, or the sulphureted oxide of 
that metal precipitated from its solution of sulphureted hydro- 
gen, is moistened with alcohol, the .alcohol-is converted at the 
expense of the oxygen of the atmosphere into acetic acid and * 
‘water. (Dobereiner in Ann. de Ch. et de Ph. xxiv. 91.) 

12. Alcohol, when transmitted through a red-hot copper 
tube, is decomposed.. ‘The tube is found lined with a very 
fine light soot resembling lamp-black, and an enormous quan- 
tity of carbureted hydrogen gas is evolved, not less, as appears 
from an experiment of Van Marum, than ten cubic feet, by 
the decomposition of three ounces of alcohol. 

Analysis of Alcohol.—In order to determine the composi- 
tiov.of alcohol, Lavoisier burned a quantity with very minute 
attention to the products, by means of an apparatus described 
in his Elements of Chemistry, Part III. ch. viii. sect. 5. The 
weight of alcohol consumed amounted to 93.5 grains, and 
110.32 grains of oxygen were expended in the combustion. - 
The water produced amounted to 106.2 grains, and the car- 
bonic acid to 93.8. From the known quantity of carbon in — 
-carbonic acid, and of hydrogen in water, Lavoisier inferred 
‘that the alcohol, on which he operated, but the specific 
-gravity of which he has omitted to state, was composed of 
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‘Comparing, then, the composition of alcohol with that of 
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sugar, that distinguished philosopher was led to. the conclusion 
that during the vinous fermentation, part of the carbon, by 
uniting with oxygen of the. sugar, passes to the state of 
carbonic acid, and that the remaining carbon, with the hy- 
drogen of the sugar, composes alcohol. If, therefore, it were 
tsuibld to combine ‘carbonic igi and alcohol, sugar ought to 
be regenerated. . 

This view of what takes place dusing the vinous for menta- 
tion, viz. that its general result is the conversion of sugar into 
alcohol and carbonic acid, is perfectly consistent with subse- 
quent investigations. But the proportions of the elements 
both of sugar and alcohol, assigned by Lavoisier, have been 
materially changed in consequence of more recent analyses. 

‘The most elaborate series of experiments on the composition 
of alcohol, is that of Saussure, junior. (Nicholson’s Journal, 
xxi.; or Ann. de Chim. Ixxxix.) He employed several dif- 
ferent methods; but that, on which he placed most reliance, 
was a careful analysis of the products obtained by transmitting 
alcchol through a red-hot porcelain tube. The general results 
of these experiments was that alcohol, pe an 0.792 at 68°, 
consists of 
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100. 


The atomic constitution most nearly agreeing with this 
statement, is the following ;. and the close acitiéidened between 
the experimental results, asa the numbers in the last column, 
strongly confirms its probability. 
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Dr. Ure has analyzed algohol by combustion with peroxide 
of copper, and found it composed of | 
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His: ace however, had the sp. gr. 0.812, and must 

therefore have contained 6 per cent. of water. Excluding 

this, 100 parts of sp. gr. .792, must have been composed of 
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We may consider, then, the accuracy of Saussure’s experi- 
ments as standing unimpeached, and the most probable con- 
stitution of alcohol to be 2 atoms of carbon, + 1 of oxygen, 
+ 3of hydrogen. But in order to compare its composition 
with that of ether, it will be found more convenient to double 
these numbers, and to consider alcohol as represented by 
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The two atoms of oxygen are probably associated with two 
atoms of hydrogen, composing two atoms of water; and the 
remaining four atoms of hydrogen with four atoms of carbon, 
forming four atoms of olefiant gas. We may consider alcohol, 
then, as constituted of 
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Weight of the atom of alcohol .......... 46 
And 100 parts by weight of alcohol, consist of ° 
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To examine the coincidence of these results with Gay Lus- 
sac’s theory of combination by volumes, we have only to divide 
the actual weights of the olefiant gas and aqueous vapour pre- 
‘sent in alcohol by their respective densities, which gives their 
volumes. ‘Thus, 


100. = .9722 (density of olefiant gas) = 102.75 vols. 
64.29 — .675 (density of aq. vapour) = 102.86 vols. 


Hence it appears that alcohol is constituted of 102.75 vo- 
lumes of olefiant gas + 102.66 volumes of aqueous vapour. 
These proportions approach so very nearly to equality, that 
we may admit alcohol to consist of precisely equal volumes of 
olefiant gas and aqueous vapour. ‘To determine the state of 
condensation in which these elements exist, it is necessary to 
compare the density of the vapour of alcohol, as determined 
by experiment, with that which would result from theory. 
Now the density of the vapour of alcohol, ascertained by Gay 
Lussac’s experiments, is 1.613; and on the supposition that 
the condensation of the elements of alcohol is half the sum 
of their united volumes, we obtain .9722 + 625 = 1.599; 
which is a coincidence as near as can be expected in such 
a case. | 

In order to understand the theory of the production of 
alcohol, which has been proposed by Gay Lussac, it is neces- 
sary to recapitulate the results of the analysis of sugar made 
by that philosopher in conjunction with Thenard. Its com- 
position is as follows: 
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tions required to form water ...... 


Or of 102 volumes of gaseous carbon + 92 volumes of aqueous 
vapour. 

But if we suppose that sugar is composed of 40 parts by 
weight of charcoal and 60 of water, and convert these weights 
into volumes, it will then consist of 


1 volume of charcoal in vapour 
1. volume of aqueous vapour 


_ 
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or of | 
1 volume of charcoal in vapour, 
1 volume of hydrogen, 
41 a volume of oxygen. 


But alcohol, it has been already stated, is constituted of 
1 vol of olefiant gas = 2 vols. vapour of charcoal, 
‘ L2 vols. hydrogen. 
1 vol. aqueous vapour = Lvol. hydrogen; 
1 vol oxygen, 
| p pEldoy 
2 vols. vapour of charcoal, 
Alcohol = {3 vols. hydrogen, ) 


2a volume of oxygen. 


And tripling the numbers representing the elements of 
. sugar, in order to equalize the hydrogen of both, 


3 vols. hydrogen, 
3 half volumes of oxygen. +i Ley 


| 3 vols. vapour of charcoal, 
Sugar = ' 


Comparing, then, the composition of sugar with that of 
alcohol, it follows that to transform the former into the latter, 
we must remove . 


1 vol. of the vapour of charcoal, 
1 vol. of oxygen gas, — 


which, ,by combining, form 1 volume of carbonic ‘acid. Re- 
ducing these volumes to weights, 100 pounds of sugar should 
afford 51.34 of alcohol and 48.66 of carbonic acid.* _ 

By distillation with the more powerful acids, alcohol under- 
goes an important change. It is converted into a liquid con- 
siderably ighter than alcohol, and much more volatile and 
inflammable, and miscible only in small proportion with 
# water. ‘This fluid has received the generic name of ETHER; 

and the peculiar varieties are distinguished by adding the 
name of the acid, by the intervention of which they have 
been prepared. | 


* Gay Lussac, 95 Ann, de Chim. 311. 
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SECTION III. 
Ether. 


I. To prepare sulphuric ether, pour into a retort any quan- 
tity of alcohol, and add, at intervals sufficient to allow the 
mixture to cool,after each addition, an equal weight of con- 
centrated sulphuric acid, agitating them together each time, 
and taking care that the temperature of the mixture does not 
rise above 120° Fahrenheit. Let the retort be placed in a 
sand-bath previously heated to 200°, and be connected, by 
means of an adopter, with a tubulated receiver. To the 
tubulure of the receiver, a glass tube twice bent at right angles 
may be luted; and its aperture be immersed in a cupful of 
water or mercury. ‘The condensible vapour is thus confined ; 
while the gases that are produced are allowed to escape. The 
receiver and adopter should be kept cool by the application of 
ice or of moistened cloths. As soon as the materials begin to 
boil, ether is produced, and passes over into the receiver. 
The ebullition is to be continued, till white vapours appear in 
the retort, or a smell of sulphurous acid is perceived; and the 
receiver is then to be removed, The liquor, which it contains, 
will probably have the sp. gr. .78 or .79, and will emit a smell 
of sulphurous acid. To purify it, a small quantity of black 
oxide of manganese may be added, and the mixture may be 
kept in a bottle about 24 hours, agitating it occasionally. The 
clear liquid is then to be decanted, and distilled in a water- 
bath, till one half has come over; the sp. gr. of which should 
be at most .75. This is to be preserved in a well-closed phial. 
Its weight will be, to that of the alcohol employed, as about 1 
to 3. It may be further purified, and rendered | specifically 
lighter, by the action of water, applied in a manner which 
will presently be described. 

If; when the ether ceases to be formed, the receiver be 
removed, and the heat still continued, sulphurous acid is 
produced abundantly, and a yellowish liquor, very different 
from ether, distils over. This may be mixed with a small 
quantity of liquid potassa to correct the sulphurous smell, 
and then submitted to a heat sufficient to drive off the small 
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proportion of ether. The ot/ of wine remains swimming on 
the watery liquid. | 

II. Mtric ether may be Hienated as follows. To two pints 
of alcohol, contained in a glass retort, add, by degrees, half 
a pound of nitric acid; and, after each addition, cool the 
materials, by setting the retort in a vessel of cold water. 
Distil the mixture by a very cautiously regulated heat, till 
about a pint and a half have come over. In this state the 
ether is far from being pure, and must be redistilled, with the 
addition of pure potassa, preserving only the first half or 
three-fourths that come over. ; 
2. Thenard prepared. nitric ether by the following process: 
Into a retort, he put equal ‘parts (about 16 oz. of each) of 
alcohol and nitric acid; and adapted to it in succession, by 
means of glass tubes, five tall bottles, half filled with a satu- 
rated solution of muriate of soda. In the last was a bent tube, 
opening under a jar, to receive the gaseous products. ‘The 

_ bottles were surrounded by a mixture of pounded ice and salt, 
which was stirred occasionally. ‘To commence the operation, 
a little fire was applied, but it soon became necessary to 
extinguish it, and to cool the retort. On the surface of the 
saline solution, in each of the bottles, was found, after the 
process was concluded, a yellowish liquid, equal in weight to 
about half the alcohol employed. That in the first bottle was — 
impure; but the remaining four contained nitric ether free 
from admixture. 

3. By the distillation of crystallized nitrate of lead, a elles 
coloured liquid is obtained, which is nitrous acid, nearly, if 
not entirely, free from water. When pure alcohol and this 
fluid are mixed together by a little at a time, to obviate as 
much as possible the violent heat which is evolved, nitric ether 
is formed at once; and this is, perhaps, the best way of pre- 
paring it. (Ann. of Phil. xvi. 82.) 

4, Bouillon Lagrange has proposed the following process : 
Mix together in a matrass equal weights of alcohol and nitric 
acid. Saturate this mixture when cold with nitrous gas pro- 
duced in the usual way. To the matrass are to be luted a 
series of Woulfe’s bottles, each half filled with a saturated so- 
lution of common salt. ‘The mixture gradually becomes hot, 
and after some time even boils. At this time the Woulfe’s 
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bottles must be ‘surrounded by a freezing mixture. All the 
nitric ether, amounting to 3 ounces from 8 ounces of alcohol, 
will be found floating on the surface of the solution in the 
second bottle. 

_ Nitric ether, prepared by any of these processes, has a yel- 
lowish colour, a strong etherial odour, and is specifically lighter 
than water, but heavier than alcohol. It dissolves in the latter 
fluid, but requires for solution 48 parts of water. It reddens 
litmus ; and though this property may be destroyed by a little 
lime, yet the ether soon becomes acid again by keeping. It is 
highly combustible; and much more volatile than the best sul- 
phuric ‘ether; for at 70° Fahr. it produces a vapour of 30 
inches force. It is composed, in 100 parts, of 14.49 azote, 
28.45 carbon, 48.52 oxygen; and 8.54 hydrogen.* 

Ill. To prepare muriatic ether, add, to a mixture of 8 parts 
of manganese and 24 of muriate of soda, in a retort, 12 parts 
of sulphuric acid, previously mixed, with the necessary cau- 
tion, with 8 of alcohol, and proceed to distillation. The ether, . 
thus obtained, requires to be rectified by a second distillation 
from petassa; and is still liable to be contaminated with sul- 
phuric ether. A more certain process, which is not, however, 
unaccompanied with some difficulty, consists in passing chlo- 
rine gas through alcohol. According to Klaproth, this kind 
of ether may, also, be safely and effectually prepared by dis- 
tilling equal weights of alcohol and chloride of tin. The dis- 
tilled liquid is to be rectified by a second distillation with 
caustic potassa. An improved mode of preparing this ether, 
and an account of its properties, by ‘Thenard, may be found in 
Nicholson’s: Journal, xviii. 177, or in the Philosophical Maga- 
vine, xxx. 101. Its nature has been a subject of doubt. 
Boullay considers it as a compound of muriatic acid and 
alcohol ; but Robiquet and Colin, with greater probability, re- 
gard it as a compound of olefiant gas with muriatic acid. This 
view is confirmed by the observation of Ampére, that the den- 
sity of muriatic ether is precisely that of muriatic acid gas + 
the density of olefiant gas. It should consist, therefore, of 
equal volumes of these two gases, united without any conden- 
sation. . ; 

The properties of muriatic ether differ from those of sul- 

* Nicholson’s Journal, xviii. 144. _ 
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phuric ether. It passes, at or below 70°, to the state of a 
vapour, the sp. gr. of which is 2.2190 (Thomson), air being: 
1; in a liquid state its sp. gr. at 40° is to that of water as .8'70 
to 1. It dissolves in an equal volume of water, and the solution 
has a sweetish taste mixed with that of peppermint. It does 
not redden vegetable blues, nor precipitate nitrate of silver, or 
pro-nitrate of mercury. It is extremely inflammable, and the 
odour of muriatic acid is developed by its combustion. — 

IV. Chloric ether may be formed by causing a current of 
olefiant gas,,and another of chlorine, to meet in a glass bal- 
loon, taking care that the first mentioned gas is somewhat in 
excess.. An oily fluid condenses, which. may be purified by 
first washing it with a little water, and then distilling it from 
fused muriate of lime. It is limpid and colourless, and its 
smell and taste are both rather agreeable. Its specific gravity 
is 1.2201; its boiling point 152° Fahrenheit; its vapour, at 
49° Fahrenheit, supports a column of mercury 24.66 inches 
high; and the specific gravity of this vapour is 3.4434, air 
being 1.. It burns with a green flame, giving out a smell of 
muriatic acid and much soot. It is composed of 100 chlorine 
+ 38.88 olefiant gas; and hence it may be inferred to consist 
of one atom of chlorine and two atoms of olefiant gas.* _ 

V.. Phosphoric ether may be obtained, by distilling a mix- 
ture of thick tenacious phosphoric acid and alcohol. The 
first product is a portion of unchanged alcohol. . After this, 
a liquid passes over, which has an ethereal smell, and a specific 
gravity inferior to that of alcohol. It is. very volatile; .re- 
quires for solution eight or ten parts of water ; boils at 100; and 
burns with a white flame, without leaving any trace of acid. _ 

VI. Fluoric ether has been obtained by distilling, ina leaden — 
retort, a mixture of equal parts of fluate of lime, sulphuric 
acid, and alcohol. The product of this distillation was again 
distilled till one half had come over, to which potassa was 
added. ‘This precipitated so much silex, as to gelatinate the 
whole mass, which, on being again distilled, gave a light 
ethereal liquid of the specific gravity .720. 


-*® Thomson, Werner. Trans, vol.i.; and Robiquet and Colin, Ann. d 
Chim. et Phys. i. and ii. 
+ See Boullay, Ann. de Chim. Ixii, 192. 
t Nicholson’s Journal, vill. 143. 
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VII. Fluoboric Ether.—When a current of fluoboric gas is 
passed into alcohol, the latter acquires an ethereal odour, and 
emits fumes. The liquid. rectified first from potassa, and 
afterwards from chloride of calcium, is analogous to sulphuric 
ether, burns like it, and without acid fumes. Its specific 
gravity is 0.75, when not purified by washing with water. ° As 
it does not essentially contain any of the acid employed in 
forming it, it may be ranked with those produced by sul- 
phuric, phosphoric, and arsenic acids. Its formation appears 
to be owing to the affinity of fluoboric acid for water. It is 
not accompanied by the production of sweet oil of wine, as 
in the case of sulphuric ether. 

VIL. Hydriodic ether was first prepared by Gay Lussac by 
the distillation of equal volumes of alcohol and of hydriodic 
acid, sp. gr. 1.700. This ether does not redden litmus; its 

“sp. gr. at 72° Fahr. is 1.9206; it boils at 148°, but cannot be 
set on fire by bringing an inflamed body near its surface. By 
keeping, it acquires in a few days a rose colour from the dis- 
engagement of a little iodine. 

IX. Acetic ether.-may be formed by rapiandly distilling 
concentrated acetic acid (procured from acetate of angen 
with alcohol, and returning the distilled liquor to the charge 
in the retort. The ether, thus produced, may be freed from 
a redundance of acid, by distillation with a small quantity of 
potassa. It is heavier than other ethers, its specific gravity 
being .866. It is volatile; boils at 128°, and burns with a 
yellowish white flame. During combustion, acetic acid is 
‘developed, though none can be discovered in the ether before. 

This process has been repeated, with considerable attention, 

“by Mr. Chenevix. By repeatedly distilling to dryness a mix- 

ture of ten parts of alcohol with ten parts of acetic acid, he 
ascertained that no change in the specific gravity of the product 
took place after the first distillation. Seven twelfths of the 
acetic acid were decomposed. Dry carbonate of potassa, 
added in sufficient quantity to absorb all the water, gave a 

-quantity of ethereal liquor, which weighed 7.4 sean had 

.the specific gravity of 8.621.* 

X. Ethers-from benzoic, malic, oxalic, citric, and piiaete 


* Ann, de Chim, Ixix. 45. , See also Thenard on the Action of Vegetable 
Acids on Alcohol, Mem. d’Arcueil, ii. 5, or 37 Phil, Mag. 216. 
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acids, have also been prepared, but not without the interven- 
tion of a mineral acid, which renders their exitvehee as distinct 
kinds of ether somewhat uncertain. : 


Properties of Sulphuric Ether, vey 

1. It is extremely light, having the specific gravity of 780, 
or, according to Lovitz, even of .632. 

The specific gravity of ether, as found in the shops, is seldom 
less than .750. It is in fact a mixture of ether and alcohol. 
The following Table has been constructed by Mr. Dalton 
from direct experiments on mixtures of ether, sp. gr. -720, 
with alcohol of sp. gr. 830. 


Table of the Specific Gravities of Mixtures of Ether and 


Alcohol. 
Ether. Alcohol. — . Sp. Gr. 
100 +. OO eocsecccscovsessss 0.720 
90 +. 10 cee tiece wae ewes ces OF782 
80 20 ee cece ae eS OES OT Ee 
FO + B80 i oviswes cus wowe. oe O766 
GO + 40 wiccccsveevccvsces 0.768 
50 + 50 ccc cewebecdiveeees 0.780 
40 + GO ac aes eis Ve bie 0.798 
30 + 70 sictvrsccsesvecese 0.804 
20 + 80 cisccuvoseseccusea 0.816 


10) 900s. ua oul adieu eu ( O182S 
0 +. 100 ee. Heels. wails OBGO 

From this Table, it should appear that the rectified ether 
of the shops, sp. gr. 0.750, contains about 25 per cent. by 
weight of alcohol, and the unrectified ether from 55 to 60 of 
alcohol, the ethereal portion having the sp. gr. 720. 

2. It has been observed by Girard, that ether escapes 
through a capillary tube with much greater velocity than 
either water or alcohol, the relative times, for equal quantities 
of each fluid, being 101 seconds for ether, 349 for water, and 
856 for alcohol. The comparative heights, to which these 
three fluids rose in the same capillary tiibe, were found to be 
nearly 6 for ether, 9 for alcohol, and 13 for water.* 


* 6 Ann. de Chim. et Phys. 239, 
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3 Ether does not, like alcohol; combine in a considerable 
proportion with water; and when the two fluids are shaken 
together, they mostly separate again on standing. Water, 
however, retains about one tenth its weight of ether; and ac- 
quires an odour which is much the same as that of ether it- 
self. By repeated agitation with water, ether is deprived of 
most of the alcohol which it contains, is brought to a high de- 
gree of purity, and acquires the property of dissolving caout- 
chouc. 

The process of washing ether, as performed in presenice of 
Faujas de St. Fond, by Mr. Winch of London, is described 
by the former as follows: Let a pint of good sulphuric ether 
be put into a bottle (or, in preference, into the separator, 
platei. fig. 3), along with two pints of water; agitate the two 
liquids repeatedly together ; then let them stand till the ether 
has risen to the surface; and draw off the water through the 
lower cock J, leaving the ether in the vessel. Repeat this 
process three or four times, or till scarcely one-third of the 
ether remains; and decant the residue into a well-stopped 
phial. In this ether elastic gum, cut into thin slips, soon 
begins to swell; but its action is slow; and about the end of 
five days, the solution is completed. ‘The method of forming 
tubes, &c., with this solution, is described in the first volume 
of Faujas de St. Fond’s Travels in England, chap. i. 

4. Ether is extremely volatile. A few drops, poured on the 
hand, evaporate instantly ; and produce a sense of great cold. 
By pouring a small stream of ether, from a capillary tube, on 
a thermometer bulb filled with water, the water may be frozen, 
even in a warm summer atmosphere. Under the pressure of 
the atmosphere, ether of sp. or. .720 boils at 96 or 98° Fahr., 
and in vacuo at 20 degrees Below 0. ‘Two ounce measures, 
when converted into gas at the temperature of 721° Fahren- 
heit, fill the space of a cubic foot.* According to Gay 
Lussac, ether produces a gas, the density of which is to that of 
air as 2.586 to 1. Berzelius and Dulong state its density to be 
2.5808. 

The force of the vapour of ether may be beautifully shown by - 
letting up a drop or two of sulphuric ether into the vacuum of 


heey 


* Saussure, jun. 
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a common barometer, when‘ it will instantly depress the mer- 
cury several inches, more or less,-according to the tempera- 
ture. . It is easy to know in this way what force the vapour of 
ether will at any time acquire in air, since its force is always 
just the same in air as in. a vacuum at a given temperature. 


‘Suppose its force in vacuo, when the barometer stands at 30, 
to be 10 inches, then ow ='1.5; that “is, 1 ether be 
passed up into air under those circumstances, it will in due 
time increase the volume of air 50 per cent. This, however, 
is true only of pure ether, for if impure ether be passed through 
water, it is improved in quality, though diminished in quan- 
tity. (Dalton.) ! 

When gases, mingled with the vapour of ether, are con- 
fined by dry mercury, they may be kept over it without sus- 
taining any loss. But they cannot be kept over alcohol without 
sustaining a rapid loss of ethereal vapour. Over water, there 
is a loss also, but much less rapid. 

The force of the vapour of ether at different temperatures 
has been investigated by Mr. Dalton and by Dr. Ure, but the 
results of the latter are objectionable, on account of the impu- 

rity of. the ether which he employed. Mr. Dalton has given 
the following Tabie, showing the force of ethereal vapour at a 
few temperatures : 


Temperatures _ Force of, 
in degrees of Fahr. Ethereal Vapour. 
MOC a Liou s te oe hea wise, Vea TCE 
OE Rae opiaa ss 5 ele we sek Tatas 
FG re wise Ob eis pl se ease ee 
LSAT eco tee et eter aes 


173 @eseeuneeoeeeeceeoeevee7e eee 120. 
220 ee re ke Oe ee 240. 


The experiments, on which the foregoing Table is founded, 
were not carried further than 212°, but as that- temperature 
gives a force of 207 or 209 inches, the force at 220 may be 
iedeorod to be 240. 

The boiling. point of mixtures of ether and alcohol, Mr. 
Dalton found, may be made to vary from 96° to 170°; but we 
cannot, from the proportions of any mixture, infer what will 


SRCT) ip. oe SSITHER. (G VOrTIBOThigo ta SEF 


be the boiling bottéy omhiich’ “is always rhuch: nearer » that nM 
etlier than the proportions would indicate. 4 | 

5. A mixture of sulphuric and muriatic ethers evaporates 
instantaneously, and produces a degree of cold considerably 
beiow 0 of Fahrenheit. — 

6. Sulphuric ether assumes a solid sini by reducing its 
temperature to — 46° of Fahrenheit. 

7. Ether is alike converted into a gas, either by raising its 
temperature, or diminishing the pressure of the atmosphere 
on its surface. ‘The experiments proving =e have already 
om described, vol. i. p. 118. 

. Ether does not dissolve the fixed alkalis, but it com- 
ini with ammonia. 

9. It dissolves essential oils and resins, and takes up about 
a twentieth of its weight of sulphur, which is deposited as the 
ether volatilizes. Ether dissolves, also, a small portion of 
phosphorus, and the solution, when poured on the surface of 
warm water in the dark, emits a lambent blue flame. 

10. The slow combustion of the vapour of ether is best: 
shown by passing a few drops into a receiver furnished with a 
brass cap and stop-cock, to which a small pipe is screwed, andi 
inverted in water of the temperature of 100°. The receiver will: 
be filled with the gas of ether, which may be expelled through 
the pipe and set on fire. It burns with a beautiful deep blue 
flame. | 

11. When ether is previously mixed with oxygen gas, it 
detonates loudly. Into a strong two-ounce phial, filled with 
oxygen gas, and wrapped round with a cloth, to secure the 
‘hand from injury, let fall a drop of ether. On applying the 
flame of a candle, a violent detonation will ensue. Or to a 
portion of oxygen gas, contained in the detonating tube, fig. 
28, pass up a drop or two of ether. ‘The volume of the gas at. 
temperatures from 60° to 70°, will be about doubled; below 
those temperatures it is less than doubled; and above: more 
than doubled. If doubled, or upwards, an electric spark will 
probably not occasion an explosion, owing to the excess of 
ethereal vapour. To produce a complete combustion, the 
ether vapour should be only from 3 to 10 per cent. of the 
volume of oxygen, and the residue in that case consists of 
oxygen only. Ten volumes of ether vapour produce, accord- 
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Jing: to Mr. Dalton; 40 volumes of carbonic acids aid consume 
‘60 of oxygen. Atmospheric’ dir does not form a combustible 
mixture, if the vapour exceed 5 per cent., and it rarely ot ial 
with less than 2 per cent. Z 

The vapour of ether explodes also with boring as is 
shown by the following experiment, described by Mr, Cruick- 
shank. (Nicholson’s Joutsial 4to. v. 205.) Filla bottle of the 
capacity of three or four pints, with chlorine gas, taking care 
to expel the water as completely as possible. ‘Then throw into 
it’ about a dram or a dram anda half of good ether, covering 
its mouth immediately with a piece of light wood or paper. 
In. a few seconds white vapour will be seen moving circularly 
in the bottle, and this will soon be followed by an explosion, 
accompanied with flame. At the same time a considerable 
quantity of carbon will be deposited, and: the bottle — = 
found to contain carbonic acid gas. 

12. Sulphuric: ether was first observed by M. Planche to 
undergo a spontaneous change when kept in a vessel not 
entirely full, and frequently opened and exposed to the light. 
By this exposure ether becomes acid in consequence of “hie 
production of vinegar, and loses somewhat of its sweet odour 
and; its volatility.*. ‘This observation has been confirmed by 
Gay Lussac,t who found that’ ether, which had been very 
attentively purified, so that its boiling point did not exceed 
96° Fahrenheit, nor its density 0.7119, and which had no 
action on turnsole, acquired this last property by keeping, and 
at the same time became specifically heavier and less volatile. 
‘When a part of the ether thus altered was distilled off, the 
residue evidently contained both acetic and sulphuric ether, 
and a peculiar kind of oil, which Gay Lussac thinks it pros 
bable exists in all ether, since that fluid, even when recently 
and. skilfully prepared, leaves an evident spot on the glass on 
which a few drops are put to evaporate. 

13. During his investigations on flame, Sir H. Davy dis- 
covered that when a picce of fine platinum wire is heated and 
placed over the surface of ether in an open glass, a pale lam~ 
bent flame plays around it, the wire becoming red, and even 
white aed and iio itn the ether. At the same 


5 


* Ann, de Chim. et de Phys, it, 213, r Ibid, 33. 98. 
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time, peculiarly pungent fumes arise, the production of which 
takes place at all temperatures, from a heat rather above the 
boiling point of mercury, until the ether is inflamed. . These 
vapours are extremely acrid and “pungent ; they resemble 
chlorine in smell; and affect the eyes in a manner. similar to 
the compound of chlorine and nitrogen, Their nature was 
examined by Mr. Faraday.* By passing considerable quan- 
tities of a mixture of atmospheric air and ether through a 
heated glass tube, containing , platinum in wire and leaf, -he 
obtained a clear and colourless liquor, of a slightly acid taste 
and strong irritating smell. It reddened litmus paper, as did, 
also, its vapour. When heated it was quickly dissipated, 
leaving on the capsule a slight coally mark. It united to 
ammonia, and formed a neutral salt, which, by careful eva-~ 
poration, might be obtained solid, but was volatile, even at 
temperatures below boiling water, producing a peculiar fetid 
smell. It united with potassa, and formed a salt, from which 
the acid was expelled by heat alone. The acid solution 
expelled carbonic acid from all the alkaline carbonates; and 
salts were obtained, from which the acid was again expelled 
by all the stronger acids. Mr. Daniell, also, having collected 
more than a pint and a half of this acid liquor, investigated 
its properties, and at first’concluded that it was a new acid, 
which formed a distinct set of compounds with bases. He 
gave it, therefore, the name of lampic acid; and its compounds 
that of lampates. (Quart. Journ, vi.) Having since, however, 
been induced, by the close approach of its equivalent number 
to that.of acetic acid, to resume its examination, he now finds 
that the acid, formed during.the slow combustion of ether, is 
merely the acetic, holding in solution some compound of car- 
bon and hydrogen, which differs both from ether and alcohol, 
(Quart. Journ. xii.) It is to the presence of this compound 
that lampic acid owes its property of precipitating gold, pla- 
tinum, silver, and mercury, from their solutions in a metallic 
state ; and of affording salts, which, in their forms and proper- 
ties, differ somewhat from acetates formed with similar bases. 


* Journal of Science, &c. ili. 77. 
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Compost of Sulpr Ether. 


By following the same processes as those which have been 
already ascribed in speaking of alcohol, and, also, by the 
rapid combustion of ether with oxygen gas, Saussure found 
that 100 parts of sulphuric ether, of specific gravity 0.7155 at 
68° Fahrenheit, contain 


Carboni 0) BU VN 9 67.98 
Oxyren! NAA SGP PA P7162 
Hydrogen cess ccceences L440 


100. © 


The excess of hydrogen, above what is necessary to form 
water with 17.62 parts of oxygen, is 12.97 parts, which, when 
added to the carbon (12.07 + 67.98) give 80.05 for the olefiant 
gas in 100 parts of ether. The remainder 19.95 parts are 
water. Ether, therefore, should be constituted of 5 atoms of 
olefiant gas, and 1 atom of water ; or of 6 atoms of hydrogen, 
5 of charcoal, and 1 of oxygen. 

Dr Ure has analyzed ether, sp. gr. .700, i igniting it with 
peroxide of copper, and finds it to consist of 


CBIDON 4 6 wine 4, OPYOUNS, sear ig OAS hee ¢'o 2 «/DOsOU 
CIR VOGT. cy vgichi HO | «nam (Opees Nee eeuae 
Fiydrogen’)...4 ditto. ..05 4 oo..-- 15.54 


—=_ 


30. 100. 


On comparing the analytical results of Saussure, with the 
theory of volumes, Gay Lussac remarked that the coincidence 
was not so near as in the case of alcohol; for ether, according 
to that analysis, should consist of 


Olefiant gas.......... 102.49 volumes. 
Aqueous vapour ...... 40. ditto. 


But the density of the vapour of ether was found by expe- 
riment to be 2.581; and if we suppose it to be constituted of 
100 volumes of -olefiant gas and 50 volumes of aqueous 
vapour, or of two volumes of the former and one of the latter, 
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and that the condensation is two-thirds of their united voluine, 
we obtain 2.5694 for its density, calculated from its assumed 
composition. This would lead to the following view of the 
constitution of ether, which is probably the true one: 


t 


Olefiant gas...... 4 atoms.... 7 x 4 = 28 
Aqueous vapour ..1 ditto ...ssesseveees 


37 

Or, 
Carbon........ 4 atoms .... 24 os. 64.86 
Oxygen ...... 1 ditto .... 8 1... 21.62 
Hydrogen. .... 5 difto. ..0, 5 «s+. 13.52 


37 100. 


Contrasting, then, the composition of alcohol and that of 
ether, it will be easy to perceive what takes place when the 
former 1 is converted into the latter. 


Alcohol consists of Ether consists of 


Olefiant gas........4 atoms | Olefiant gas........4 atoms 
Aqueous vapour ....2 ditto | Aqueous vapour ....1 atom 


Or, in volumes, Tn volumes, 


Olefiant gas......4 volumes | Olefiant gas......4 volumes 
Aqueous vapour.. 4 ditto Aqueous vapour ..2 ditto 


To change alcohol into ether, all that is necessary is to take 
away one atom, or two volumes of aqueous vapour; and in 
this removal of one half the water, which forms an element 
of alcohol, it seems to be universally agreed that etherification 
consists, even among those who differ as to the precise number 
of atoms constituting those fluids. If then the conversion 
could be made without any loss, 46 parts of absolute alcohol 
should give 37 parts of ether, or 100 parts by weight of alco- 
hol should give very nearly 80} of ether, a proportion which, 
owing to a variety of causes, can never be obtained in sh 
tice. 

When we act upon alcohol with a proportion of sulphuric 
acid sufficient to take away the whole of the water, we obtain 
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little or no’ether. Olefiant gas is in this case the principal: 
product, mixed, however, with some sulphurous and carbonic 
acid gases, which are formed by the too energetic. action of 
the sulphuric acid on the carbon of the alcohol. | We can at 
pleasure then convert alcohol either into ether or olefiant gas, 
though each of those products is always accompanied by 
nthers, resulting from a still farther decomposition of that 
fluid into its ultimate elements. 


—Giia 
* SECTION Iv. 
- Acetous and Acetic Acids. 


TuEsE names were applied, by the framers of the new 
chemical nomenclature, to denote what were supposed to be 
two distinct acids, common vinegar purified by distillation 
being termed the acefows, and the highly concentrated acid, 
for babrly called radical vinegar, being denominated acetic. 'To 
account for the superior strength of the latter, it was supposed 
to contain a larger proportion of oxygen, derived from the 
metallic oxide, from which acetous acid is generally distilled 
when converted into acetic. ‘The experiments of Adet were 
the first that threw any doubt upon this conclusion; and 
though they appeared to be contradicted by’ the subsequent 
ones ie Chaptal and Dabit, yet they afterwards received the 
fullest. confirmation from the researches of Darracq. The 
last mentioned chemist succeeded in converting common dis- 
tilled into radical vinegar, under circumstances where no far- 
ther oxygenation of she acid could possibly be effected, viz. 
by repeated distillation from fused chloride of calcium; which 
can only act by abstracting water. Both terms, however, 
may be retained for the sake of brevity; the acetous acid 
denoting the weak acid obtained by fermentation; and the 
acetic, the acid in its concentrated state. 

Acetous acid may be procured by exposing in casks partly 
filled, and open to the atmosphere, at a temperature between 
75° and 90° of Fahr, the liquor which has been obtained, by 
the vinous fermentation, from malt, sugar, or other substances, 


‘ 
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The liquor soon becomes warm ; ‘a number of ropy filaments 
appear; and after several weeks, it will be found to have 
acquired an acid taste and smell... Little'or no gas is evolved : 
but, on the contrary, an absorption of oxygen takes place. 
‘There is an essential difference; therefore, between the cireum= 
stances attending the vinous and acetous fermentations.’ ‘The 
latter requires the access of air as an indispensable condition; 
whereas the vinous ferinentation may be performed in close 
vessels, or at least: in vessels’ which only allow egress to the 
elastic: fluids that are’ produced. Jt must not, however, be 
supposed that the vinous fermentation is required as'a previous 
step to acetification: for many liquids containing sugar, 
mucilage, or. starch, become sour at gate, without passing 
through the former change. 

' Benin vinegar, which, in this country, is « chiefly re+ 

pared from an infusion of malt, ‘sometimes with the addition 
of sugar or melasses, and in France from weak wines, may be 
purified to a certain ‘extent, by submitting it to distillation in 
a glass retort. The best malt vinegar, unadulterated by sul- 
phuric acid or colouring matter, has a specific gravity of 
1.0204.. When distilled, the first eighth part is of sp. gr. 
0.99712, and contains such a proportion of acid, that a fluid 
ounce dissolves from 4.5 to 5 grains of precipitated carbonate 
of lime. The subsequent six eighths are of sp. gr. 1.0023, 
and a fluid ounce decomposes 8.12 grains of carbonate of lime. 
A similar quantity, of sp. gr. 1.007, decomposes from 15 to 16 
grains of precipitated Garouiate of lime, or 13.8 grains of 
marble.* By distillation, however, vinegar can only be im- 
perfectly purified, and it always acquires a burnt flavour. The 
distilled liquor contains too an extractive matter, which Dar- 
racq considers as mucilage, and which causes it to become 
ropy by keeping, and also, as Mr. Chenevix has shown, a 
portion of alcohol. The extractive matter, it has been found 
by the latter chemist, cannot be removed by several repeated 
distillations. In French vinegar, he discovered a larger pro- 
portion both of acid and alcohol, with less of mucilage, than 
in the vinegar of this country. From four pints of distilled 


# Philips on the London Pharm. p. 7, 
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French vinegar, he obtained nearly an ounce measure of 
ardent spirit. jae at's 

Acetous acid. is prepared, also, in very cob ealaan tia quan- 
tity, by the distillation of wood. The wood is inclosed in iron 
cylinders or retorts, which are exposed to a red heat. An 
immense quantity of inflammable gas is produced; and a 
liquid called formerly pyroligneous acid, is condensed, which 
consists of acetous acid holding in solution a quantity of tar 
and of essential oil. ‘These impurities itis possible to remove 
entirely; so that the acid, thus prepared, may be employed 
for all the purposes of vinegar. 

A process, for the decoloration of pyroligneous acid and all 
kinds of vinegar, has been proposed by Figuer. The agent . 
he employs is animal charcoal, which may be prepared by 
calcining the most compact beef or mutton, bones in a cru- 
cible, to which a cover must be. luted, have a small aper- 
ture, to allow the escape of the gases, and of ‘the other vola- 
tile substances. ‘Towards the close of the calcination, when 
no more flame issues, this aperture must be closed, and the 
heat raised for half an hour. Toa wine quart of cold vinegar, 
an ounce and a half of this charcoal, finely powdered, is to be 
added, and occasionally stirred. In 24 hours, the vinegar 
/ begins to lose its colour, and, in three or four days, is entirely 
deprived of it. It is then to be filtered through paper, and it 
will be found (if the charcoal has been well prepared) to 
retain its acidity, without having acquired any unpleasant 
flavour. By reducing the quantity of charcoal to one half, the 
change is still effected, but more slowly. 

For purposes of experimental research, acetic acid may be 
prepared by distilling from a glass retort any quantity of the 
acetate of potassa (which may be obtained under that name at 
the druggist’s), with half its weight of concentrated sulphuric 
acid. The adopter and receiver moa be kept cool during the 
distillation. The product, which will be found contaminated 
_ with a little sulphurous acid, may be put into a bottle, ‘and 
shaken at intervals for 24 hours with a small quantity of black 
oxide of manganese. A second distillation will then afford 
it pure. | | 

Mr. Phillips has described an outline of the following 
process, as a good and economical method of preparing acetic 
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“acid: dissolve 10° ounces of acetate of lead :(equivalent 
to about 44 ounces of dry acetate of lime, which may be sub- 
stituted if more convenient) in two pints of distilled or rain 
water, and add to the heated solution 84 ounces of crystal- 
‘lized sulphate of soda, dissolved in a pint of boiling water. 
Mix the two solutions, which will be mutually decane 
An acetate of soda will be formed, and may be decanted or 
drained through a cloth, from the precipitated sulphate of 
lead or lime. Evaporate the solution to dryness, taking care 
to employ a moderate heat at the last; reduce it to powder; 
and put it into a retort, with three ounces of sulphuric acid, 
dilated previously with an ounce of water. By distillation - 
at a gentle heat, about 51 ounces of acetic acid will be 
obtained, containing 42 per cent. of real acetic acid. ‘The con- 
tamination of product with a little sulphurous acid is not 
easily discovered by the smell, on account of the strong odour 
of the acetic acid; but it is easily discriminated, on drawing a 
little of the vapour into the lungs, by its causing a sensation 
like that produced by breathing the fumes of Hara brim- 
stone. In this case, the acid must be redistilled from 1-16th 
or 1-20th its weight of acetate of lead. By using very dry 
acetate of soda, and very concentrated sulphuric acid, the 
product will contain, when rectified, 65 or 66 per cent. of real 
acetic acid; and it may be further strengthened by allowing . 
it to congeal at ‘a low temperature. The congealed portion, 
when’ drained from the fluid, and melted, will be found 
increased in acidity to upwards of 80 per cent. 

The sulphate of soda may be washed out of. the retort with 
alittle warm water, and used again for decomposing a similar 
quantity of acetate of lead or acetate of lime: but if the solu-. 
tion contain much uncombined sulphuric acid, it will be 
advisable to boil it.dry, and heat the dry salt sufficiently to 
expel the redundant acid, before applying it to effect a fresh 
decomposition. (Ann. of Phil. N.S. 1. 25). 

Lastly, the crystallized bin-acetate of copper diatledte Gest 
verdegris,) contained in a glass retort, which may be. 
nearly filled with the salt, may be submitted to distillation 
per sein asand-heat. The acid that comes over has a green 
colour, and requires to be rectified by a second distillation. 
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Its specific gravity then varies from 1.056 to 1.080, If 
the products be reserved in separate portions, it has been . 
observed by MM. Derosne,* that those which are obtained 
towards the close, though specifically lighter than the earlier 
ones, are still more powerfully acid, assuming, as the test of 
their strength, the quantity of alkali which they are capable 
of saturating.. The last products, it was found also, when 
submitted to distillation, yield a liquid which has even less 
specific gravity than water. ‘This liquid may be obtained, in 
a still more perfect state, by saturating the latter portions of 
acetic acid with caustic and solid potassa; the acetate of 
potassa precipitates; and a fluid swims above it, which may be 
rectified by distillation at a gentle heat. It is perfectly limpid ; 
has a penetrating taste; is lighter than alcohol; evaporates 
rapidly with the production of cold when red upon the | 
hand; and is highly inflammable. It does Qi ecden litmus, 
Excepting that it is miscible, in any proportion, with water, 
it has all the qualities of ether, and like that fluid has the 
power of decomposing the nitro-muriate of gold. MM. 
Derosne have preposed for it the name of pyro-acetic ether. — 
Its production, they observe, is confined to the latter stages 
in the distillation of acetate of copper, and is owing, they sup« 
pose, not to any modification of alcohol, but to changes in 
the arrangement of the elements of the salt. ) 
These observations are confirmed by the subsequent ones of 
M. Mollerat.+ Examining two portions of acetic acid, which 
had precisely the same sp. gr. (viz. 1.063), he found that the 
one contained 87 per cent. of real acid, and the other only 
41. The first he is disposed to consider as the strongest acetic 
acid that can be procured. It may be distilled at a very 
moderate heat with great rapidity, and without entering into 
ebullition, To this acid, having the sp. er. 1.063 (and of 
which 100 grains required for saturation 250 of sub-carbo- 
nate of soda), he gradually added water, and found, though 
water is lighter that the acid, yet that the density of the mix- 
ture increased till it became 1.079. From this point, the 


* Annales de Chimie, lxiii. 267. ; | 
+ Annales de Chimie, Ixviii..88; or Nicholson’s Journ; xxv. 155... 
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additions of water Beccalaiied: a regular diminution of specific 
gravity. M. Chenevix has since dhasted the same anomaly, 
in the acid produced from acetate of silver; and Dr. Thom- 
son has given a Table (First Princ. ii..135.) from which it 
appears that the specific gravity of the acid is at a maximum, 
(viz. 1.07132) when composed of 1 atom of acid and 4 atoms 
of’ water, or of 


Real acid ........ 58.1395 
’ Water eeeeeoeeer ae 41.8605 


—- ee 


100. 


Acetic acid, thus prepared, has several remarkable proper- 
ties. Its smell is extremely pungent, and it raises a blister 
when applied to the skin for a moderate length of time. "When 
heated in a silver spoon over a lamp, its vapour may be set on 
fire, At the temperature of about 38° Fahr. it becomes solid 
and shoots into beautiful crystals, which again liquefy at 40°. 
Acid of sp. gr. 1.063 crystallizes even at the temperature of 
55° Fahr. and does not melt again till raised to nearly 70°, 
These crystals, by saturation with alkalis, appear to contain 
83. per cent. real acid, (Quart. Journ. vi. 26.) which 
approaches nearly to an atom of each; for such a compound 
would require that the acid should contain 84.5 per cent. of 
real acetic acid. Acetic acid appears not to be easily destruc- 
tible by heat; for Mr. Chenevix transmitted it five times 
through a red-hot porcelain tube, with the effect of only a 
partial decomposition. 

Gay Lussac and Thenard, and Berzelius, have analyzed ace- 
tic acid; the two first by the combustion of acetate of baryta, 
of known composition, with chlorate of potassa; and Berze- 
linus by the combustion of the same salt, very carefully dried, 
with peroxide of copper. (Ann. of Phil. iv. 323.) Their 
results are as follow. One hundred grains of acetic acid 
consist of 

Carbon, Oxygen. Hideo 

According to Gay Lussac ..50.224... 044.147... 5.629. 

Berzelius ....46.8 ....46.9 ....6.3 


The proportions obtained by Gay “a and ‘Thenard may 


be stated also as follows : 
2B 2 
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Carbon al eRe Lasik 50.224: | 
Oxygen and hydrogen in rah 46.911 
same proportions as in water 
Excess of oxygen ........e0e006 (2.865 
100... 
~The most probable constitution of acetic acid, derived from 
the analysis of its salts, is the following: 
Carbon. Sais yo atome: 4° 24 Wy aes 


Oxygen si, ote BCH. be aS a 48 
Hydrogen’)... .222 iter Sl 2 ee, 


= 


— rd 


50 100 


Its equivalent, according to this view of its composition, 
which is confirmed by the researches of Dr. Thomson into 
the composition of the acetates of soda and lead and of the 
crystals of acetate acid, is 50. | 

It has already been observed that the strength of acetic 
acid is not accurately represented by its specific gravity, and 
it had long been desirable to find a test which should express 
its degree of acidity with uniform correctness. ‘This, it is 
evident, may be done by determining the quantity of alkaline or 
earthy substances required for its saturation; for the stronger 
the acid, the greater the quantity of any alkali or earth, which 
it will be capable of neutralizing. One hundred parts by 
weight of real acetic acid are found to neutralize 290 of crys- 
tallized, = 107.7 parts of anhydrous, carbonate (or sub-car- 
bonate) of soda. (Vol. i. p. 563.) It is easy then, after 
ascertaining the quantity of carbonate of soda which any speci- 
men of acetic acid is capable of neutralizing, to calculate its 
strength by the rule of proportion; or if any other alkaline 
or earthy compound be preferred asa test to carbonate of 
soda, the scale of equivalents will at once show how much 
should be employed of the test which may be substituted. 

In the acetometer invented by Messrs. J. and P. Taylor, 
which has been adopted. by the Excise, for determining the 
rate of duty on vinegar, hydrate of lime is employed to satu- 
rate the acid, and the specific gravity of the resulting solution 
of acetate of lime is made the measure of the strength of the 
acid. Vinegar containing 5 parts of real acid in 100 parts 
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by weight, or saturating 14.5 of crystals of carbonate of soda 
(the kind called by the London vinegar makers, No. 24), is 
taken as a standard; and when weustitirdd by hydrate of lime, 
an hydrometer stands in it at the mark on the stem which 
is called proof. ‘To keep the stem of the instrument at the 
same mark, when immersed in stronger acids saturated with 
lime, it is loaded with a series of weights, each of which 
indicates 5 per cent. of acid above proof, up to 35, which of 
course contains 5 + 35 = 40 per cent. of real acetic acid. 
(Quart. Journ. vi. 255.) This is the greatest strength at 
which the duty is levied by the gallon, that on stronger acids 
being regulated in a different manner. 

Acetic acid forms with the different bases, a class of salts 
called acetates. 

Acetate of potassa may be prepared by saturating pure ace- 
tic acid with potassa. As found in the shops, it is not crys- 
tallized, but occurs in a foliated form, which it has assumed 
after cooling from a state of fusion. It is very deliquescent, 
and extremely soluble in water, and soluble in twice ita 
weight of boiling alcohol. It is probably constituted of 

Potasea ts. Letom yo) 48 or ag 
Raecetieracide.) «4. ditto ss 50 rs se ot Gd 


98 100 


In the crystallized salt, obtained by exposing its solution 
under an exhausted receiver along with sulphuric acid, Dr. 
Thomson found two atoms of water to each atom of the dry 
salt. Ina similar manner, he obtained crystals of binacetate 
containing 1 atom of potassa, 2 atoms of acetic acid, and 6 
atoms of water. 

Acetate of soda may be formed by the ‘iaett combination 
of acetic acid with carbonate of soda; or, it may be prepared 
by mixing solutions of 1 part acetate of lime, and 2 of crys~ 
tallized sulphate of soda, = 0.9 desiccated; decanting the 
liquid part; washing the precipitate with more water; and 
evaporating the washings to a proper consistency for crystal- 
lization. To obtain good crystals, a slight excess of alkali 
is necessary. These crystals are permanent when exposed to 
air, require for solution between twice and three times their 
weight of water at 60°; and are soluble toa considerable 
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extent in boiling alcohol. This salt may be heated to about 
550°, with the loss only of its water of crystallization ; but at 
a higher temperature its acid ingredient is decomposed. © 
(Thomson, Ann. of Phil. N. S. ii. 143.) It Sst accord- 
ing to Berzelius, of 


OOO NGL @ sn oh cscs 04 eee a OOD 
Soda @eeeeoeeseeseeveeeeeeeseeoeee e 92.94 
Water @eeeeseseeeanevseoeseseseeoeseoeeveee ee @ 40.11 


100. 


Or, exclusively of water, of 
Acid @eeoevoee oees828 61 689 e@eesete 100. ) 
Soda e@oseeoeoeoeseeseonve8@ 38.3 1 1 @eoee?e 62. 1 


100. 
Its theoretical constitution is 
Acid ..0s 1 atom .6s%.50~«e«++».60.98 
SOUS. iuls , LALO os oae OR aba an boule 


82 100. 

The crystals appear to consist of 1 atom of anhydrous salt 
= 82 + 6 atoms of water = 54, together 136. 

Acetate of ammonia derives its chief importance from having 
been long employed in medicine as a febrifuge, under the 
name of Mindererus’s Spirit. It is difficult to obtain it in 
crystals; but its solution, exposed in vacuo along with strong 
sulphuric acid, may be made to deposit four-sided oblique 
prisms which are very deliquescent. It is volatile at 250° 
Fahr. and condenses in long slender flattened crystals. The 
recent crystals, according to Dr. Thomson, consist of 


Acetic acid ...... 38.46 .... or latom = 50 
AMMONIA. Ade 9043.08.) +0) atom = 17 
Water .sesvvcevs 4846 .2% or 7 atoms = 63 


106,.). | ieee bir fou 
Acetate of lime may, by careful evaporation, be obtained in 
small silky crystals; in which each atom of the real acetate is 
united with 6 atoms of water. It is permanent in the air, and 
very soluble both in water and alcohol, When made as dry 
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as possible, it becomes strongly phosphorescent at about 250° 
Fahr. It is difficult to render it so dry, as to yield by analysis © 
more than 33.5 or 34 parts of base from 100 of the salt; but 
Berzelius states its composition tobe _ 


PCC MEIN week ee cc ee GHG ous es. 100, 
Lime Seseooao@eaesoveeesves 35.782 e9sesvsee6 55.74 


100. 


‘The proportions deducible from the atomic weights of its 
elements are 


Acetic acid ,. 1 atom .... 50...64 64.1 
TAS PAY TE CALE 28 eoneooe $5.9 


An impure acetate of lime, prepared with pyroligneous 
acid, is very extensively used in the preparation of acetate of 
alumina for the use of dyers and calico printers, and of 
vinegar makers. ) 

Acetate of baryta is a crystallizable salt, (for its form see 
Ann. of Phil. N.S, vii. $65), which does not grow moist, but 
rather loses a portion of its water, by exposure to the air. It 
requires for solution about twelve parts of cold, and not quite 
two parts of boiling water. Alcohol dissolves only a very 
small proportion. ‘By distillation per se Mr, Chenevix finds 
that it gives pure pyro-acetic ether, of the ‘specific gravity 
0.845, coloured by a little empyreumatic oil. Gay Lussac 
and Thenard state its composition to be | 


Aigete ACs ad s'ts ivieties one 43A9 
Barytas eveyus ve ceany armas 56.83 


| 100. 
ts atomic constitution, however, should be 


Acetic acid.... l atom .... 50 .... 39.07 
Baryta........ 1 ditto .... 78 .... 60.93 


aed 


128 100. 


~ Acetate of strontia is more soluble than the last mentioned 
acetate, requiring only about twice its weight of cold water 
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for solution. It forms crystals, the shape of which is repre- 
sented in the Ann. of Phil. N.S. vii. 288. Its properties have 
not been fully ks ami It probablyc consists of 48.08. et 
+ 51.92 base. : 

Acetate of magnesia cannot be Sbiinels in crystals, but ould 
“in the state of a thick viscid mass, which is extremely deli- 
quescent, and soluble both in water and alcohol. 

Acetate of alumina is generally formed, by double decom- 
position, from the mixed solutions of acetate of lead or lime 
and sulphate of alumina. It is a compound of considerable 
importance from its use in dyeing and calico-printing. When 
applied, however, to these purposes, it contains always a con- 
siderable quantity of alum. .The properties of the soluble 
combination of alumina with acetous acid are but imperfectly 
known, but it seems probable that it is generally a bin-acetate. 
Gay Lussac* has found that it has the remarkable quality of 
‘being decomposed by heat and of depositing alumina, which 
it re-dissolves on cooling. The effect takes place, even in 
vessels hermetically sealed, and when the solution has an 
excess of acid, and seems to bear some analogy to the coagu- 
lation of animal albumen. 

Dr. Thomson formed an acetate of alumina by geen 
fresh precipitated hydrate of alumina with acetic acid, till the 
acid was saturated, at the temperature of the atmosphere. 
When reduced to dryness by a very gentle heat, it formed a 
white powder, readily soluble in water, of a sweetish taste, and 
capable of reddening vegetable blues. It consisted of an atom 
of base, an atom of acid, and an atom of water. 

All the metallic acetates that are of any importance have been 
already described in the history of the individual metals. To 
our knowledge of the properties general to this class of salts, 
some valuable additions were made by Mr. Chenevix.t By 
distilling per se the different metallic acetates, that excellent 
chemist found that the salts with bases of lead, zinc, and man- 
ganese, yield a liquid lighter considerably than water, but 
heavier than alcohol, and containing only a very small propor- 
tion of acid. This degree of levity is owing to the presence 
of the peculiar fluid, which Derosne has termed pyro-acetic 


* 74 Ann. de Chim. 93; and 6 Ann, de Chim. et Phys. 201. 
+ Ann, de Chim. vol. lxix ; or Nicholson’s Journal, vol. xxvi. 
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ether, but to which Mr. Chenevix is opinion, the less definite 
name of pyro-acetic spirit will be better adapted, a name con- 
tinued to be applied to it by MM. Macaire ‘and Marcet, who 
have since made it the auPiGeT of investigation. sears of Phil. 
N.S. viii. 69.) . 

Of all the metallic acetates, that. 2 silver gave acetic acid 
of the greatest specific gravity, and of greatest power in 
neutralizing alkalis. In this respect, it exceeded, by about 
one-fifth, an equal weight of the acid distilled from copper. 
It contained, however, none of the pyro-acetic spirit disco- 
vered in the acid from copper. ‘The residuum in the retort 
contained, in every case, a proportion of charcoal. When 
the acetates of silver, nickel, copper, or lead were distilled, the 
metal was found in the metallic state; but zinc and manganese 
were left in the state of oxides. 

The pyro-acetic spirit, obtained from the acetate of lead, 
Mr. Chenevix describes as perfectly limpid and colourless. It 
has a taste, which at first is sharp and burning, but afterwards 
becomes cool and somewhat resinous. Its smell resembles 
that of volatile oils, but it is not easy to say of which parti- 
cular one. Its specific gravity, when rectified by muriate of 
lime, he states at 0.864; but MM. Macaire and Marcet, at 
only 0.786. It is very odmbudibte and burns entirely away 
with an intense white flame, very different from the blue flame 
of the pyrowilic spirit described in Chap. X. Sect. xii. Its 
boiling point is 138° Fahrenheit. It is miscible in all propor- 
tions with water, alcohol, spirit of turpentine, and alt the 
volatile oils, and, at a temperature considerably below its 
boiling point, with the fixed oils. When heated it dissolves 
sulphur and wax. By decomposition over ignited peroxide of 
copper, results were obtained, approaching very nearly to 4 
atoms of carbon, 2 of oxygen, and 3 of hydrogen. 


4 
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ANIMAL SUBSTANCES. 


THE products of vegetable and of animal life, though they 
agree in many of their external characters, and even in some 
of their chemical relations, present several circumstances of 
distinction, which, in general, sufficiently discriminate the 
two classes. Animal substances are the results of still more 
delicate processes, and of a more refined organization; and 
the balance of affinities, by which they exist, is disturbed by 
still slighter causes. To the three great components of 
vegetable matter (oxygen, hydrogen, and carbon) a fourth is, 
in animal substances, added, and constitutes a large propor- 
tion of their structure. To the nitrogen, which they contain, 
are owing some of the most important qualities that distinguish 
this aikey of compounds, Hence it is, that instead of passing 
through the vinous or acetous fermentations, they are pecu- 
liarly prone to undergo putrefaction; and that, during this 
change, they yield among other products, both nitrogen gas and 
ammonia. When Runed toa high temperature, ammonia, 
cyanogen, and their compounds, are also generated in great 
abundance; little or no acetic acid is Srasuceds and the coal, 
which remains, differs from vegetable charcoal, in being much 
less combustible. ‘This general description, however, prs 
it applies to most individuals of the animal kingdom, is not 
strictly true with respect to all. Animal jelly, for example, is 
rendered sour by spontaneous decomposition. A few vegeta- 
‘ble substances, it may also be added, gluten for instance, in 
consequence of containing azote, become at once putrid; and 
furnish ammonia when decomposed by heat. The same 
element forms, also, a part of all the vegetable alkalis described 
in the 17th section of the last chapter. . 3 

In the analysis of animal substances, less precision had till 
lately been attained, than in that of mineral and vegetable 
products. It may be considered as of two different kinds. 
By the first we obtain the proximate principles of animal 
matter, or certain compounds which, we may presume, existed 
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in the animal structure in a state identical with that in which 
they are separated, by the simple processes used for their 
extraction. ‘Thus, by the long continued action of hot water 
on bones, we form a solution, which separates spontaneously 
into two distinct substances, fat and gelatine; while the 
earthy ingredients remain undissolved. ‘The substances, thus 
obtained, are not very numerous; and to distinguish them 
from more complicated products they may be called proximate 
animal compounds. But, by spontaneous decomposition, or by 
the agency of heat, we give origin to a set of bodies which had 
no existence in the subject of experiment, the wltzmate elements 
of which are thus disunited, and are re-combined in a new 
manner. Bones, for example, though they contain no volatile 
alkali, are yet composed, in part, of its elements (nitrogen and 
hydrogen), which, at a high temperature, unite and generate 
ammonia. 

The method of analysis by peroxide of copper, so success- 
fully applied, by Gay Lussac and Thenard, to the products of 
the vegetable kingdom, has been extended to animal sub+ 
stances ;* and, in the history of each, the proportion of its 
ultimate elements will be stated, chiefly on their authority, or 
on that of subsequent analysts. Animal substances, they 
observe, contain much more carbon than those derived from 
the vegetable world; in all of them, the hydrogen is in excess 
with relation to their oxygen; and lastly, the greater this 
excess, the more azote they contain. It is remarkable, more- 
over, that this azote, and the excess of hydrogen, are very 
nearly in the proportions required to constitute ammonia. 

Animal matters, then, such as fibrin, albumen, gelatine, &c. 
are composed of charcoal; of hydrogen and oxygen, in the 
proportions required to form water; and of hydrogen and 
azote, in the proportions necessary to constitute ammonia. 
They hold, therefore, among animal matters, the same rank 
that sugar, gum, lignin, &c. possess among vegetable sub- 
stances. The animal acids, again, consist, probably, of carbon, 


* Ann. de Chim. xcvi. 53; and Berard, Ann. de Chim. et Phys. v. 290, 
where the process is fully described. See also Mr. Porrett’s remarks, Phil. 
Trans, 1815, p. 225 ; and Dr. Prout’s in the Medico-Chirurg. Trans. viii. 
530. : 
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oxygens hydrogen, and azote, in such proportions, that the 
oxygen and azote are in excess relatively to the hydrogen. 
And the animal oils, on the other hand, will in all probability 
be shown to contain more hydrogen, than is sufficient to con- 
vert their oxygen into water, and their azote into ammonia, 
Thus animal substances will be divided, like vegetable ones, 
into three great classes, relatively to the quantities of hydrogen, 
oxygen, and azote, which they contain. 

In addition to the four elementary bodies already mentioned 
as constituting the main ingredients of animal matter, other 
elementary substances are found occasionally in small propor- 
tion, such as sulphur, phosphorus, iron, and manganese. 
Seme of the salts, as phosphate of lime, occur in large quan- 
tity, and others, such as muriates of soda and potassa, &c., are 
sparingly diffused through a few only of the animal fluids. 

The proximate’ animal compounds are not very numerous; ; 
the following list comprehending, perhaps, the whole of those 
which are sufficiently well characterized, and of general 
occurrence. 


1. Gelatine. 6. Resin. 
2. Albumen. 7. Sugar 
3. Mucus. 8. Oil. 
4. Fibrin. 9. Acids, 
5. Urea. 
—ij>—— 
SECTION I. 


Animal Jelly, or Gelatine. 


Animat jelly is an abundant ingredient, not only of the 
fluids of the body, but of the hard and solid parts. Berzelius, 
indeed, in his View of Animal Chemistry, p. 50, considers 
gelatine as a product of the operation of boiling ; and denies 
its existence in any one fluid of the body; but this opinion 
does not appear very probable. By long continued boiling 
gelatine may be extracted from the skin, membranes, ligaments, 
cartilages, and even from the bones. The solution, on cool- 
ing, forms a tremulous and imperfectly cohering mass, well 
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known by the name of jelly ; and, if the watery part of this 
niass be dissipated by a very gentle heat, we obtain a hard 
semi-transparent substance, which breaks with a glassy frac- 
ture, and, according to the source from which it has been’ 
obtained, has the names of isinglass, glue, portable soup, 
&c.; all of which are varieties of gelatine, with small pro- 
portions of other animal compounds, especially albumen. 
M. D’Arcet prepares gelatine from bones, not by boiling, but 
by dissolving out the earthy matter by steeping the bones in 
diluted muriatic acid. ‘The gelatine remains in a solid  state,. 
preserving the form of the bone, and thus furnishing a complete 
proof that it existed in the bone ready formed. ‘To purify 
it from small remains of acid and fat, it is plunged for an 
instant into boiling water, then exposed to a current of cold 
water, and quickly dried, in which state it is unalterable by 
keeping.* Isinglass, however, as the purest form under 
which gelatine commonly occurs, will be best employed for 
the exhibition of its:chemical properties. 

1. Dry gelatine, when immersed in water, gr adually absorbs. 
it, swells considerably, and becomes : soft and elastic. At 
common temperatures, however, it is not dissolved; all that 
is thus effected being the absorption of a quantity of water, 
which it loses again by a gentle heat. But in hot. water it 
dissolves very slowly, yet completely; and affords a liquid 
which again gelatinates on cooling. ‘These alternate solutions 
and desiccations may be repeated for any number of times, 
without occasioning any change in the chemical properties of 
the gelatine which is submitted to them. 

The proportion, in which gelatine forms a solution capable 
of concreting by cooling, has been determined by Dr. Bostock.+ 
One part of dry g SANS to 100 parte of water gave a solution, 
that completely stiffened by cooling; but one part of gelatine 
to 150 parts of water, produced a fapetaga which, though 
evidently gelatinous, did not assume the concrete form. 

2. Gelatine in a solid state seems to be absolutely indestruc- 
tible when kept in a perfectly dry place; but, when in the 
form of solution or of jelly, it becomes first sour, and after- 
wards putrid. It affords a most convenient kind of nutriment 
for conveyance to a distance, and when evaporated at a very 


* Phil. Mag. xvii, 17. "+ Nicholson’s Journal, xi. and xiv. 


382 ANIMAL?) SUBSTANCES. CHAP, XITs 


gentle heat, it is found to retain much of the peculiar flavour’ 
of the meat from which it has been prepared. 

8. Gelatine is insoluble in alcohol, but it is not nideibteited: 
by that fluid, from its watery solution. 

4, It readily dissolves in most of the acids. Isinglass,. 
dissolved in common vinegar by the assistance of a gentle heat,. 
forms a very useful and adhesive cement. Nitric acid, even 
when cold and very dilute, is a powerful solvent of gelatine. 
When the solution is evaporated, the acid and gelatine re-act 
upon each other; nitrous gas is disengaged; and, if the con- 
centration be not carried too far, oxalic and malic acids are 
obtained from the residuum. Muriatic acid dissolves gelatine, 
and retains it unchanged in solution. If chlorine gas be 
passed through a solution of gelatine, white filaments appear, 
which, when collected, are found to be very flexible and 
elastic. They consist of gelatine, very little altered, and united 
with muriatic acid and chlorine. They are insipid; insoluble 
in water and in alcoho; not putrescible; and exert a feeble 
action on blue vegetable colours, although they contain a large 
proportion of acid. Exposed to the air during some days, at 
common temperatures, these filaments emit chlorine, and stilb 
more abundantly when heated. In alkaline solutions they 
disappear, and muriatic salts are formed.* 

But the most remarkable effect on gelatine is produced by 
sulphuric acid, by which Braconnot has discovered that it is 
converted into a substance analogous to sugar. Twelve parts 
of powdered glue were mixed by stirring with 24 of concen 
trated sulphuric acid. In 24 hours, the liquor had not changed 
colour; about thrice as much water was added; and the whole 
boiled for five hours, adding water at intervals to supply the 
waste. ‘The solution was saturated with chalk, filtered, and 
left to evaporate spontaneously. In the course of a week, it 
yielded crystals of a very sweet taste, which, when washed in > 
weak alcohol, pressed in a cloth, re-dissolved, and re-crystal- 
lized, were tolerably pure sugar. | 

This sugar differs from cane sugar in being much more 
readily crystallized. It is equal in sweetness to grape sugar, 
and not more soluble in water than sugar of milk. | Its solu- 


* Thenard, Mémoires d’Arcueil, ii. 
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tion does not ferment with yeast. When distilled at’ a red 
heat, it yields ammonia among other products. 

Sugar obtained from gelatine appears to be capable of uniting 
with nitric acid without decomposition, and of affording a 
peculiar crystallizable compound. Its formation by sulphuric 
acid seems to be owing to the abstraction, from the gelatine, 
of hydrogen and nitrogen in the proportions fit to form 
ammonia, and probably in the absorption of oxygen. (Ann. 
de Chim. et Phys. xiii.; Quar. Journ. ix. $92.) ! 

5. Gelatine is soluble in pure liquid alkalis. The solution 
is a brownish viscid substance, which has none of the charac- 
ters of soap,* and is not precipitated by acids. The property 
of remaining dissolved after adding acids, distinguishes gelatine 
from albumen, fibrin, and other animal products; and points 
out a method of separating it from them in analysis. Owing 
to the solvent power of alkalis, they do not occasion any 
precipitation in acid solutions of gelatine; but when added in 
excess, first saturate the acid, and then dissolve the gelatine. 

6. Several of the metallic salts and oxides have the property 
of precipitating gelatine; but not so unequivocally as to be 
good tests of its presence. Goulard’s extract of lead (prepared 
by boiling litharge in distilled vinegar) effects no change in a 
solution of gelatine. ‘The same may be said of corrosive 
sublimate (bi-chloride of mercury). Nitrate of silver and nitro- 
muriate of tin produce a slight, and almost imperceptible 
opacity. The addition of nitro-muriate of gold causes a small: 
quantity of a dense precipitate, from a solution containing 
th of gelatine, but not from more dilute solutions. 

7. One of the most active precipitants of jelly is tan; and 
a very convenient form of that test, in which it may be kept 
without decomposition, Dr. Bostock finds to be the extract of . 
rhatania, digested in hot water, and filtered after it becomes 
cold. An infusion of 1 ounce of gall-nuts in a pint of water, 
may also be applied to the same purpose. When the propor- 
tion of gelatine to water is so small, as to compose only 5,>th 
part of the solution, a considerable precipitate is produced by 
this infusion. The stronger the solution of jelly, the more 


* Hatchett, Philosophical Transactions, 1800, 
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copious is the precipitate; till at length, when the gelatine is 
in large proportion, a dense ok a is formed, which, after. 
being dried in the open air, henanies a hard substance with a 
vitreous fracture. This compound appears to be equally 
formed, when animal solids, composed chiefly of gelatine, are 
immersed in solutions of tan; as when the skins of animals, 
for instance, are steeped in an infusion of oak bark. It is per- 
fectly insoluble in water, and incapable of putrefying ; and it 
constitutes the preservative part of tanned leather, to which it 
imparts the property of resisting the transmission of moisture. 
The operation of tanning, then, consists essentially in’ the 
attraction of tan, from Lichtoxe which contain it, by the gelatine 
of the skins. 

It would have been an important step towards the accuracy 
of the analysis of animal substances, if we could have ascer- 
tained the quantity of gelatine in any fluid, by precipitating it 
with tan. But to this there are two obstacles: 1stly, That 
tan acts, also, on other animal fluids, upon albumen for 
instance; and 2dly, That into the precipitate of.tan-and jelly, 
these substances.do not enter in proportions. uniformly. the, 
same. In general, however, Dr. Bostock has ‘been. led -to 
conclude that. the compound, formed by the union of jelly and. 
tan, consists on an average of somewhat less than.two parts of, 
tan to three of gelatine. And as we always have it:in our, 
power to ascertain what quantity of tan is employed in preci-, 
pitating any solution of jelly, we may, by an easy calculation, , 
approximate the quantity of jelly contained in the. fluid we. 
are examining. | 

' 8. Gelatine has been analyzed by Gay Lussac and Thenard, 
who employed the chlorate of potassa for its decomposition.. 
One hundred parts were found to contain ates 
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~The atomic nrgaureians, most nearly approaching to these 
results, are 
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We are not acquainted with those circumstances that occa- 
sion the differences in the several kinds of animal gelatine. 
Some valuable remarks’ on them’ may’ be found’ in Mr. 


Hatchett’s “ Observations on the component Parts of Animal - 


‘Membrane ;”* and an account of the methods of: making 
isinglass, glue, &c., may be consulted in Johnson’s guise 
of Animal op ace Teal ty. 


(een Rance 
SECTION I. 


Albumen. 


Witr the exception of gelatine, no fluid appears to enter 
so largely into » the composition of animal - substances, as 
albumen. It fornis a large proportion of the blood and of 
various secr etions ; and appears to be the chief basis of several 
of the solids ; viz. of the thin membrane which constitutes 
the cellular texture, as well as of the skin, glands, and, vessels 
that-convey the fluids. 

. The white of an egg, though not. composed of : absolutely 
pure albumen, contains it Sie ieaty free from other sub- 
stances for the exhibition of its properties. These will be 
found to be the following: 

1. By agitation with water, ‘the two fluids unite, and ont 
a viscid OE the component parts of which do not separate 
by standing... This solution gives a green tinge to some veget- 
able blue colours; a proof ct the presence of uncombined 
alkali. . 

2. At the temperature of 160° Fahrenheit, undiluted 
albumen becomes solid, a change which is called its coagula- 


My Philosophical Transactions, 1800. 
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tion. ‘When the solid mass is cut into slices, and suffered to 
remain for some hours, afew drops of a brownish viscid fluid 
ooze out, amounting to. about 41 grains from 100 of the 
albumen .originally submitted to experiment.. By a long 
continued gentle heat, the coagulated substance itself loses at 
least four-fifths of its weight; and the solid matter is left 
behind, in the form of a hard brittle transparent substance. 
Hence it will follow, that 100 grains of the white of egg 
consist of 80 grains of water, 44, uncoagulable matter, and 
only 15} of pure albumen. At a temperature considerably 
below that required for its coagulation, Dr. Bostock finds that 
it may be dried, and is then capable of being redissolved in 
water.* It is of dried albumen, prepared by the careful evapo~ 
ration of blood, that the powder consists, which is sold in 
France for the clarification of wines. For this M. Gay Lussac 
has advantageously substituted one, obtained by the cautious 
evaporation of whites of eggs to dryness. (Quart. Jour. 
XV. 385.) 

Coagulation by heat is the distinguishing character of 
albumen, and affords an easy and obvious test of its presence, 


even when it forms a very minute proportion of certain fluids. 


By adding it, in gradually diminished quantity, to water, Dr. 
Bostock found that a solution, containing only -4,, its weight 
of albumen, was rendered perceptibly opaque by a boiling 


temperature. For all practical purposes, therefore, this may 


be considered as a sufficiently accurate test of its presence in 


any fluid. 

The uncoagulated part of the white of egg, Dr. Bostock 
ascertained, was not affected by solution of bi-chloride of mer- 
cury, or by infusion of galls; but was copiously precipitated 
by sub-acetate of lead or Goulard’s extract. He considers it 
as a peculiar fluid, to which he has given the name of mucus. 
Dr. Marcet, who finds it to be an ingredient of several morbid 
fluids, has proposed to call it muco-extractive matter.t 

Albumen, which has been coagulated: by heat, though 
perfectly insoluble in water, unless by long boiling aided by a 
Papin’s digester, appears to have undergone no change as to 
‘its chemical constitution. During coagulation, there is no 
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absorption of oxygen; no gas is extricated; and hence there 
appears to be no re-action of the principles of the compound 
on each other. The coagulum is taken up by liquid caustic 
alkalis with a disengagement of ammonia. From this com- 
bination it is precipitated, unchanged, by acids.* By long 
boiling in water, however, though no apparent solution takes 
place, Mr. Brande obtained, from coagulated albumen, a 
fluid which had alkaline properties; and which gave, after 
evaporation, a viscid substance soluble in water. ‘This fluid 
he apprehends to be a dilute solution of albumen in alkali. +t 

3. Albumen is coagulated by alcohol, and by acids. The 
coagulum, formed by the latter, always retains in combina- 
tion, according to Thenard, a portion ef the acid which has 
been employed. ‘That produced by nitric acid is least soluble ; 
and hence nitric. acid occasions a precipitate from solutions 
of albumen, which are so dilute as not to be affected by other 
acids. ‘The coagulum, produced by acids, is re-dissolved by 
pure alkalis, even, as ‘Thenard finds, by ammonia, which does 
not dissolve albumen that has been coagulated by heat. With 
solutions of the fixed alkalis, albumen forms a saponaceous 
compound, that admits of being applied to some of the nary 
poses of soap prepared with ee 3 

Alum, probably in consequence of its excess of acid, coagu< 
lates albumen; but does not act on very dilute solutions. One 
part in 500-of water is rendered slightly turbid by a solution 
of alum; but no precipitate is formed. 

4. The triple prussiate, or ferro-cyanate, of potassa, is an 
extremely delicate test of the presence of albumen, and may 
be used to discover it in fluids to which other tests are inap- 
plicable. To enable it, however, to produce a precipitate, a 
very slight excess of acetic acid should be previously added to 
the liquid suspected to contain albumen, or to the test. 

5. Albumen is coagulated by several of the metallic salts. 
Solution of bi-chloride of mercury, which has no effect on 
gelatine or mucus, is a delicate test of the presence of albumen. 
A single drop of the solution, added to a liquor containing 
sass its weight of albumen, renders it visibly milky; and, at 


* Thenard, Annales de Chimie, Ixvii. 321. 
+ Philosophical Transactions; 1809. 
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the end of some hours, a flocculent precipitate falls to the 
bottom of the vessel. The same re-agent produces a sensible 
effect on a liquid, containing only half that quantity, or 25> 
of albumen. 

Solution of corrosive sublimate, however, Kj not separate 
the whole of the albumen, unless heat is employed. The 
precipitate in that case is a compound of the metallic salt with 
albumen, in the proportion of about one of the former to three 
or four of the latter. From the quantity of corrosive subli- 
mate, therefore, required completely to decompose a solution 
of albumen, we may infer the quantity of the latter; for three 
grains of the metallic salt, being entirely decomposed, indicate 
101 grains of albumen. 

Nitro-muriate of tin precipitates albumen, but less actively 
than the foregoing salt. Water, holding 51, of albumen, 
was not altered by this test, till after some hours, when it 
became milky. Nitrate of silver occasions a precipitate; but 
the effect is equivocal, from its precipitating, also, the-muriate 
of soda. Nitro-muriate of gold throws down a dense preci- 

pitate from a sclution containing -1,, of albumen. “Goulard’s 
- extract occasions an abundant dense coagulum. 

G. Solutions of albumen are dacounisphen by the addition of 
tan. When an infusion of galls, containing 21 parts of solid 
extract in 100, is added to a liquor, of which albumen forms 
only -,;5 part, no immediate effect is apparent; but, after 
some time, a precipitate ensues. If infusion of tan be poured 
into a concentrated solution of albumen, the precipitate has 
the consistence of pitch; is not susceptible of putrefaction ; 
and, when dry, is brittle like over-tanned leather. The pre- 
cipitate by tan from diluted albumen, Dr. Bostock observes, 
is not coherent, subsides very slowly, and can scarcely be 
separated by a filtre; whereas the precipitate from solution of 
jelly of the same strength isa hard dense substance, which 
almost immediately separates from the fluid, and may be col- 
lected in a distinct mass, the parts of which cohere together. 

7. Albumen, in whatever way it has been coagulated, 
appears to be slow in undergoing putrefaction. Mr. Hatchett 
kept it for some weeks under water, without its showing any 
tendency to pass to that state. According to Scheele, a small 
portion of coagulated albumen is soluble in diluted acids, and 
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precipitable by the same acids when concentrated. By steep- 
ing albumen, for a month, in diluted nitric acid, Mr. Hatchett 
comprerted it into a substance, which was soluble in water, and 
affected chemical tests like gelatine. 

7. Albumen almost always contains a portion of sulphur in 
intimate combination, which gives it the property of blacken- 
ing silver. This effect is often observed to be produced by 
eggs on spoons. of that metal; and blood, evaporated in silver 
vessels, stains them with sulphuret of silver. 

Many theories have been formed of the cause of the 
coagulation of albumen; but the first probable conjecture on 
the subject appears to have originated with Dr. Thomson.* 
The fluidity of albumen he supposed to depend on the pre- 
sence of alkaline matter, and its coagulation on the removal 
of the alkali, or its saturation with some other substance. 
This suggestion was confirmed by some well devised experi- 
ments of Mr. Brande.t When the white of an ego was 
exposed-to the action of a galvanic battery, a rapid and abun- 
dant coagulation took place round the negative pole, while a 
thin film only collected at the positive wire. This more 
copious precipitation at the negative pole appears to have been 
owing to the separation of alkali; and as it required, in order 
to produce the effect, a comparatively high electrical power, 
it should follow that the rapid abstraction of alkali is necessary 
to the perfect coagulation of albumen. 

Albuminous fluids, then, are compounds of albumen with 
alkali and water. When heat is applied, the alkali is trans- 
ferred to the water, and the albumen becomes insoluble. The 
alkaline liquor, which is thus produced, re-acts upon and dis- 
solves a small quantity of coagulated albumen. When alcohol 
or acids are the coagulating powers, the effect is owing to a 
like transfer of bikalt. ha 

When the uncoagulable part of white of egg was exposed 
to a strong Blaivenic power, uncombined soda was found in 
the negative cup; and muriatic acid with a little coagulated 
albumen in the positive one. Hence fluid albumen contains 
both free soda and muriate of soda. In the experiments of 
Mr. Hatchett, 500 grains of dry albumen afforded 741 of 
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coal, of which 112 were saline matter, composed, besides the 
salts that have Wien mentioned, of phosphate of ye and: of 
phosphate and carbonate of soda. 

From the researches of Mr. Brande it appears that gal- 
yvanism may be applied to the discovery of very minute quan- 
tities of albumen, which are not rendered sensible by any 
other test. In this way he produced a rapid coagulation, at 
the negative pole, in several animal fluids, in which albumen 
had not been supposed to exist. It has been ascertained, 
also, by Sir E. Home, that albumen is, coagulated by galvanic 
arrangements of too low a power to affect even the most 
Helioate electrometer ; and hence he has proposed albuminous 
fluids as tests of the presence of small quantities of electricity.* 
Lassaigne on the other hand asserts, that pure albumen is not 
coagulable by galvanism, and that the effect, when it does 
take place, is owing to the decomposition of saline matter, the 
elements of which re-act upon the albumen. . (Ann. de Ch. 
et de Ph. xx. 97.) 

Albumen was found, by Gay Lussac and Thenard, to con- 
sist of . 
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The nearest atomic approximation of the above proportions, 
— is the following: 
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It should appear, then, that albumen contains two atoms 


# Phil, Trans, 1809. 
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more of carbon, and one less of hydrogen, than are present in 
gelatine. Dr. Prout, however, who has analyzed albumen 
with great care, and has made many interesting observations 
on its formation by the process of animal digestion (Ann. of 
Phil. xiii.), found it to be constituted as follows : 
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But this, it may be observed, is precisely the composition of 
gelatine, deducible from Gay Lussac and Thenard’s analysis. 
Either, therefore, the analytical results must be erroneous in 
one or both cases; or, the difference between albumen and 
gelatine must consist entirely in the grouping or arrangement 
of elements similar.as to kind and number. 

Besides perfectly formed albumen, Dr. Prout has noticed 
a fluid approaching it in characters, to which he has given 
the name of incipient albumen. It appears to be that substance 
not completely elaborated, but requiring a further change by 
the processes of digestion and assimilation. (Ann. of Phil. 
XV. 25, 274.) 


eas 


SECTION III. 
Mucus. 


Tux term mucus had been employed in a vague and _gene- 
ral sense, until Mr. Hatchett, in his valuable paper on the 
component parts of animal membrane,* attempted to assign 
to it a more definite meaning. Jelly and mucus he considers 
as modifications of the same substance, and as not essentially 
differing from each other. The Jatter term he restricts to 
that animal substance, which is soluble in cold water, and 
which cannot be brought to assume the gelatinous state. Dr. 
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Bostock, however, has endeavoured to prove that mucus is a 
distinct fluid, characterized by a train of properties, which 
are entirely different from those of animal gelatine.* .. Four- 
croy and Vauquelin have: admitted, -also, its claim to be con- 
sidered as a peculiar compound.t They apply the term, in 
an enlarged sense, to the viscid liquid, which lubricates the 
mouth, the cesophagus; the’ stomach, the’intestines, and, in 
general, all the cavities and ‘passages of the body. © It differs, 
they suppose, ‘from vegetable gum, in nothing but in con- 
taining a proportion of ‘nitrogen. In the descriptions of its 
characters, however, they are much less precise than either 
of the English chemists. Berzelius, on the other hand, seems 
scarcely to admit that any fluid exists, which is entitled to the 
general name of mucus; sand finds that its chemical characters 
vary in different parts of the body, according to the purposes 
which it is intended to fulfil in the animal economy.t | 

The substance on which Dr. Bostock’s. experiments were 
made, was the saliva of the mouth, dissolved in water by agita- 
tion. No appearance of coagulation was produced by raising 
the temperature of this liquid to 212°, nor, when the liquid 
was evaporated, and suffered to cool, hit it show any tendency 
to gelatinate. 

No distinct effect was produced on the solution of mucus, 
by adding nitro-muriate of tin, bi-chloride of mercury, or 
infusions of galls. Sub-acetate of lead (Goulard’s extract) 
occasioned an immediate opacity, and, after some time, a flaky 
precipitate. Hence the effects, produced by the tanning g prin- 
ciple and by Goulard’s extract, establish a devided audit essen- 
tial difference between mucus and gelatine. ‘Tan is a most 
delicate test of gelatine ; but does not, in any degree, aifect 
mucus. Goulard, again, is a sensible test of mucus, but not 
ofjelly. Corrosive sublimate, and triple prussiate of potassa,” 
on the contrary, which discover very small proportions of 
albumen, are not affected by either jelly or mucus. 

Hitherto, however, Dr. Bostock has not been able to devise 
a method of determining, exactly, the proportion of. mucus in 
any compound fluid. One great obstacle to all attempts of 


* Nicholson’s Journal, xi. and xiv. ¢ Annales de Chimie, Ixvii, 
$ View of Animal Chemistry, p. 58. 
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this kind is, that mucus, beside animal matter, appears always 
to contain saline matter, which acts upon the metallic solutions 
used as tests; so that it is impossible to say, how much of the 
effect is owing to each of these separate causes. The precipitates, 
thrown down from mucus by acetate of lead and nitrate of 
silver, Mr.’ Brande: has found to consist both of the muriates 
and phosphates of those metals. From 1000 grains of saliva, 
he obtained by evaporation 120 grains of dry residuum,: of 
which 20 grains were saline matter. ‘The proportion of salts, 
in the mucus of the trachea, was even still greater. This 
variety of mucus was not coagulated either by heat, by seen 
or by acids.: | 

In ‘order. to obtain mucus free from neutral mins it 
occurred to Mr. Brande to attempt their decomposition by elec- 
tricity... With this view,»a mixture of saliva and: water was. 
placed in a vessel intermediate between two’ others,» which: 
contained water only (see 2, fig. 82), and. which were con-) 
nected, the one with the positive, the other with the negative, 
extremity of a galvanic apparatus. Fibres of cotton con- 
nected the central vessel with the two others. In about ten 
minutes, a considerable quantity of white coagulum was 
formed. upon the cotton on the negative side, but none on the 
positive. Thus albumen appears to be a constituent part of 
saliva, though not discoverable by the usual tests. A separa-. 
tion of alkali took place on the negative side; and hence Mr. 
Brande is disposed to consider mucus as a compound of 
albumen and muriate of soda, or of albumen and pure soda. 
The whole. of this subject, however, is still obscure; and 
requires to be illustrated by farther experiments. . 

-When mucus is evaporated to dryness by a gentle heat, no 
material change is arachiced init... ‘The besa is a semi- 
transparent substance resembling gum, and, like it, soluble 
again in cold water. Neither alcohol nor ether dissolve it. 
By destructive distillation, it yields only the common products 
of animal matter... The proportions of its ultimate elements 
have not yet been made the subject of investigation. 

Mucus, as appears from Dr. Marcet’s experiments, beside 
forming an ingredient of several healthy secretions, exists in 
some morbid fluids, particularly in that effused in all the 
forms of dropsy. 
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‘SECTION IV. 
Fibrin, or Animal Gluten. 


Fisrin forms the basis of the muscular or fleshy parts of 
animals, and is left combined with albumen, when all the 
soluble parts have been washed away by water. It may also 
be obtained from blood, by laying the coagulum on a linen 
strainer, and pouring water upon it, till a white fibrous matter 
alone remains. 

For the purpose of submitting fibrin to a series. of experi- 
ments, Mr. Hatchett obtained it by digesting shreds of lean 
beef, during 15 days, in water, which was changed daily, the 
temperature being such as not to excite putrefaction.- The 
shreds of the ie al were then boiled for five hours every day, 
during three weeks, changing the water at each boiling; and, 
fouaatdin the residue was put into a press, and dried by the heat 
of a water bath. 

The following history of the chemical properties of fibrin is 
derived chiefly from a memoir of Berzelius. 

» 1. Fibrin is insoluble in cold water; but water, after being 
boiled upon it for some hours, is found to have acquired a 
milky hue, and, on the addition of infusion of tan, affords a 
precipitate of white and distinct flocculi, which do not cohere 
like those produced by gelatine. The liquid, obtained by 
boiling fibrin, does not gelatinate, to whatever degree it may 
be concentrated, but gives a white, dry, hard, and friable 
residue, which is soluble in cold water. By long boiling in 
water, fibrin loses its property of softening and dissolving in 
acetic acid. 

2. Alcohol, of the specific gravity .810, converts abit into 
a kind of adipocirous matter, which is soluble in alcohol, and 
is precipitated by the addition of water. When alcohol, 
which has been digested on fibrin, is evaporated, a fatty 
residue is left, which did not pre-exist in’ the fibrin. By the 
action of ether, fibrin is converted into a sort of adipocire, 
similar to the preceding, but in much greater abundance, and 
distinguished by a sake more disagreeable odour. : 

8. In concentrated acetic acid, fibrin immediately becomes 
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soft, transparent, and, with the assistance of heat, is con- 
verted into a tremulous jelly.. By the addition of warm water, 
this jelly is completely dissolved, with the evolution of a small 
quantity of azotic gas. ‘The solution is colourless, and of a 
mawkish and slightly acid taste. By sufficient evaporation 
the. gelatinous substance is reproduced, which, when com- 
pletely desiccated, is a transparent mass, insoluble in water 
without the addition of fresh acetic acid. ‘The solution gives 
a white precipitate with triple prussiate of potassa, and with 
pure alkali; but a slight excess of alkali re-dissolves it. Sul« 
phuric, nitric, and muriatic acids also occasion a: precipitate, 
which consists of fibrin and the acid that has been employed. 
‘When laid on a filter and’ washed, a certain quantity of this 
acid is carried off by the water, and the remaining substance 
is soluble in pure water. 

4, In weak muriatic acid, fibrin shrinks, and gives out a 
little azotic gas, but scarcely any portion is dissolved, even by 
boiling. Concentrated muriatic acid, when boiled on fibrin, 
decomposés it, and produces a red or violet coloured solutions 
Fibrin, that has been digested with weak muriatic acid, is 
hard and shrivelled. By repeatedly washing with :water, it is 
at length converted into a gelatinous mass, which is perfectly 
soluble in tepid water. The solution reddens litmus paper, 
and yields a precipitate with acids, as well as with alkalis. | 

5. The action of sulphuric acid on muscular fibre has been 
attentively examined by Braconnot. <A portion of beef in 
small shreds was steeped in water, washed several times, and 
pressed to separate every thing soluble. Of this fibre, 30 
parts were mixed with an equal weight of sulphuric acid, 
which softened and dissolved it, without acquiring colour or 
evolving sulphurous acid. It was gently heated, and, on cool- — 
ing, a layer of fat separated from the surface. It was then 
‘diluted with water, and boiled nine hours; saturated with 
chalk, filtered, and evaporated. No sugar was produced, but 
the extract had a decided taste of osmazome. It was boiled 
with alcohol, which, on cooling, deposited a peculiar white 
matter, called by Braconnot leucine. 

In order to purify this new substance, it was dissolved in 
water, and a little tan added. After some heurs the liquor 
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was filtered, and evaporated till a pellicle appeared. Being 
then left to stand for 24 hours, the bottom of the vessel was 
covered with small mamillated crystals of a dull white colour, 

feeling brittle between the teeth, but having an agreeable taste 
- of meat. 

Leucine is lighter than water. When heated in a retort, it 
melts, then sublimes in part, and forms white opaque crystals, 
and an empyreumatic and acid fluid distils over. » By the 
action of nitric acid on leucine, a distinct compound appears 
to be formed, which affords peculiar salts with the different 
bases. (Quarterly Journ. ix. 394.) 

6. Nitric acid of the specific gravity 1.25 disengages at first 
azotic gas from fibrin, pure and unmixed with nitrous gas. 
By continuing the digestion 24 hours, the fibrin is converted 
into a pulverulent mass, of a pale citron colour, which, when 
placed on a filter and washed with a large- quantity of water, 
becomes of a deep orange colour. This yellow substance was 
discovered ‘by Fourcroy and Vauquelin, who obtained it by 
treating muscular flesh with nitric acid, and who gave it the 
name of yellow acid. Berzelius has ascertained that it is a 
combination of nitric and malic acids with fibrin, which is in 
some degree altered by the process. | 

7. In caustic fixed alkali, fibrin increases in bulk, and, at 
length, is completely dissolved. The solution is yellow with 
a shade of green; and is decomposed by acids; but the pre- 
cipitated fibrin seems to have undergone some change, for it 
is not, as before, soluble in acetic acid. The-compound of 
fibrin and alkali has not any analogy with scap, which Four- 
croy asserts that it resembles. 

8. Fibrin has been analyzed by Gay Lussac and Thenard, 
and found to consist of : 
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According to these results, its atomic constitution is 
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It contains then an atom more of carbon, hydrogen, and 
azote, and an atom less of oxygen, than enter into the consti- 
tution of albumen. : 3 
'_——<ft— 


SECTION V. 
Urea. 


I. Urea may be obtained by the following process :— 
Evaporate by a very gentle heat, a portion of human urine, 
voided six or eight hours after a meal, to the consistence ofa 
thick syrup. In. this state it concretes, on cooling, into a 
crystalline mass. . Pour on this, at different times, four times 
its weight of alcohol, and apply a gentle heat, which will 
effect the solution of the greater portion. Decant the alco 
holic solution, and distil it by a water bath, till it acquires the 
consistence of syrup, which is to be poured out of the retort. 
On cooling, it forms a crystallized substance, which is the 
urea, not however in a state of complete purity. 

II. 1. Urea, thus obtained, has the form of crystalline 
plates, crossing each other in various directions. It has a 
yellowish white colour; a smell somewhat like that of garlic; 
is viscid, and difficult to cut; and has an acrid strong taste. 
It deliquiates, when exposed to the air, into a thick brown 
liquid. It is extremely soluble in water, and absorbs caloric 
during solution. Alcohol dissolves it readily, but in less pro- 
portion than water; and the alcoholic solution yields crystals 
more readily than the watery one. Berzelius, by processes 
which he has not described, obtained urea quite free from 
colour, and forming distinct prismatic crystals like nitre.* 
Even in this state, he observes, it is still obstinately combined 
with lactic acid, lactate of ammonia, and the peculiar animal 


. * View of Animal Chemistry, Svo. p, 101, 
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matter, which always. accompanies the. lactates. It is this 
animal matter, which gives the urine its colour. 

Dr. Prout was induced by the observation of Berzelius to 
attempt the preparation of pure urea, and succeeded by the 
following process. 

Fresh urine was carefully evaporated to the consistence of 
syrup, and to this, when quite cold, pure concentrated nitric 
acid was added by degrees, till the whole becan:e a dark- 
coloured crystallized mass, which was slightly washed with 
cold water and suffered to drain. ‘To this mass, a pretty 
strong solution of sub-carbonate of potassa or soda was added, 
till the whole became neutral. ‘The solution was carefully 
concentrated by evaporation, and set aside, in order that the 
nitre might separate by crystallization. ‘The liquor drained 
from these crystals was an impure solution of urea, which was 
mixed with a sufficient quantity of animal charcoal to form it 
into a thin paste. To this, after remaining a few hours, water 
was added to separate the urea, and the colourless solution 
was evaporated at.a very gentle heat to dryness. From the 
dry mass, boiling alcohol separated the urea, and left the nitre 
and. most of the saline substances behind, and from the alco- 
holic solution the urea was obtained pure by evaporation and 
crystallization, the solution in alcohal and crystallization being 
repeated if the crystals were coloured. 

Urea thus purified most frequently assumes the form of a 
four-sided prism. Its crystals are transparent and colourless, 
and have a slight pearly lustre. It leaves a sensation of cold- 
ness on the tongue like nitre. Its smell is faint and peculiar, 
but not resinous. It does not. affect the colours of litmus or 
turmeric. On exposure to the air it slightly deliquesces, but 
does not seem to’ be decomposed. At a strong heat it melts, 
and is partly decomposed, and partly sublimes’ unaltered. 
The specific gravity of its crystals is about 1.350. ‘They are 
soluble in an equal weight of water at 60° Fahrenheit, and to 
any extent in boiling water. Alcohol at 60° Fahrenheit; dis- 
solves about ith of its weight, and at 212° more than its 
weight. Hef 

2. The concentrated solution of urea in water yields, on 
the addition of nitric acid, a copious precipitate of bright 
pearl-coloured crystals, resembling the boracic acid. Orxalic 
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acid produces the same effect; but in neither of these com- 
pounds are the acids neutralized. The nitrate of urea, Dr. 
Prout finds to consist of 


Nitric acid @eeeeo#ee#ee#8ee#@ 47.37 = 1 afom ashe 5A 
TIPO cow ccain sic ae ols evAtOINE «> va Bo 
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In some states of disease, the urine abounds so much in 
urea as to afford scales with nitric acid. ‘To detect it, Dr. 
Prout puts a little of the morbid urine into a watch glass, and 
by means of a dropping tube introduces a little strong nitric 
acid under it. If spontaneous crystallization occur, an excess 
of urea is indicated, and its amount may be estimated by the 
time required for its production, which varies from a bid 
minutes to two or three hours. 

3. The concentrated solution of impure urea, in water, is 
brown; but becomes yellow, when largely diluted. Infusion 
of galls gives it a yellowish brown colour, but causes no pre- 
cipitate ; nor is it precipitated by infusion of tan. 

4. When heat is applied to urea, it melts, swells, and 
evaporates, with an insufferably fetid smell. By distillation, 
it yields about two-thirds its weight of carbonate of ammonia} 
about one-fourth of benzoic acid; besides carbureted h ydrogen, 
and a residuum composed of charcoal with muriates of soda 
and ammonia. 

5. The solution of urea, in water, putrefies, and is slowly 
decomposed ; but much more rapidly, if a little gelatine be 
added. Ammonia and acetic acid are the products of its 
decomposition. If the solution, instead of being left to 
putrefy, be kept in a boiling temperature, and fresh water be 
added as the evaporation goes on, the urea is at length wholly . 
decomposed. ‘The condensed vapour is found to contain car- 
bonate of ammonia; acetic acid is formed; and a portion of 
charcoal remains in the fluid contents of the retort. It has 
been ascertained, by these who distil the volatile alkali from 
urine, in manufacturing processes, that an equal quantity of | 
ammonia is obtained whether the urine has undergone su 
— or not. 

. Whema mixture of urea, ners one-fourth its weight of 
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diluted sulphuric acid is distilled, a quantity of oil appears on 
the surface, which concretes by cooling; acetic acid. passes 
over into the receiver; and sulphate of ammonia remains in 
the retort. The repetition of this process converts the whole 
of a portion of urea into ammonia‘and acetic acid. 

7. Nitric acid when heated acts rapidly on urea; nitrous, 
azotic, and carbonic acid gases, are disengaged ; and prussic 
acid and ammonia are generated. The residuum, when dried 
and ignited, detonates like nitrate of ammonia. » 

8. Muriatic acid dissolves urea without alteration. . When 
a stream of chlorine gas is passed through a solution of urea, 
the gas is rapidly, absorbed; and white flakes are formed, 
which soon assume a brown colour. After the solution has 
become saturated with gas, the effervescence still continues; 
and carbonic acid and nitrogen gases are evolved. The resi- 
duary liquid contains both carbonate and muriate of ammonia. 
9. Urea‘is soluble in alkaline solutions; and, at the same 
time, undergoes a partial decomposition. A strong smell of 
ammonia arises, probably from the action of the potassa on 
the muriate of ammonia which is contained in urea... When 
solid potassa, however, is triturated with urea, the disengage- 
ment of ammonia is too great to be explained in this way ; 
and can only be accounted for, by supposing the volatile 
alkali to be formed by the union of its elements. A strong 
solution of potassa, heated with urea, produces a similar 


_ effect: a large quantity of ammonia is generated; the residuum 


diluted. with water effervesces violently from the escape, of 
carbonic acid gas; a flocculent precipitate is formed, which 
has the qualities of a concrete oil; and the liquor, when dis- 
tilled, gives both acetic and benzoic acids. 

10. Urea has the property of changing the form of the 
crystals of muriate of soda; a solution of that salt, mixed ° 
with one of urea, affording, on evaporation, octohedral crys- 
tals. Muriate of ammonia, on the contrary, which usually 
crystallizes in octohedrons, has the form of its crystals altered, 
by similar treatment, to that of cubes. 

Of all the animal fluids, urea appears most readily to un- 
dergo decomposition, both from spontaneous changes in the 
arrangement of its elements, and from the action of other 


substances. From a careful examination of the products o. 


SECT. VI. ANIMAL RESINS. 401 


its distillation with oxide of copper, Dr. Prout has given the 
following as the proportions of the elements of purified urea. 
One Hinde parts consist of 


- Oxygen .... 26.66 = 1 atom or } volume .... 8 
Nitrogen.... 46.66 = 1 ditto or1 ditto ....14 
Carbon. .... 19.99 = lditto or 1 ditto .... 6 
Hydrogen .. 6.66 = 2 ditto or2 ditto .... 2 
Deficient... 03 


100. | 30 


Dr. Ure has also analyzed this substance (Phil. Trans. 
1822), but with results differing so much from the foregoing, 
that he is not disposed to insist on their accuracy without 
further experiments. 

ooo ee 


SECTION VI. 


Animal Resins: 


Tur properties of animal resins have not been fully inves- 


tigated; but, so far as they have hitherto been examined, 
they appear to differ consider ably from those of the vegetable 
kingdom. 

The RESIN OF BILE may be obtained by the following pro- 
cess :—To 32 parts of recent ox bile, add one of concentrated. 
muriatic acid. When the mixture has stood some hours, 
strain it, in order to separate a white coagulated substance. 
Pour the filtered liquor, which has a fine green colour, into 
a glass vessel, and evaporate by a gentle heat. At a certain 
point of concentration, a green sediment falls down, which, 
after being separated from the liquid part, and washed, affords 
what has been considered as resin. Berzelius, however (as 
will be more fully stated in the section on bile), denies that it 
is a true resin. 

1. The resin of bile has a dark brown colour; but, if spread 
out fine, on a white ground, it exhibits a bright grass-green. 
It is intensely bitter. | 

2. At about 122° it melts, and in a high temperature burns 
rapidly. It is soluble both in cold and hot Hah: and still 

VOL, IIe 2D 
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more solubie in alcohol, from which it is in part precipitated 
by. water. 

3. With pure alkalis it combines, and forms a compound, 
which has been compared to soap. From these it is precipi- 
“tated unchanged by acids. 

4. When arree oxygenized, by adding solution of chlo- 
rine to bile, the resinous portion has its properties consider- 
ably altered; it acquires the colour and consistence of tallow ; 
melts at 104°; and dissolves in alcohol and in hot water. 

Besides this resin, there are several animal substances 
which possess similar qualities. Such are the ear-wax, 
ambergris, castor, &c. 

Cerumen, or ear-wax, hasan orange yellow colour and i 


bitter taste. It melts ata gentle heat, and sinks into’ ‘pape 


like an oil. It is Se aenely combustible, and burns ave 
with a white smoke, emitting an ammoniacal “odour, ahd * 
leaving very little charcoal. 

With water it forms by agitation a ey of emulsion; 


alcohol dissolves 5-8ths of it, and the remainder has the pro- 


perties of albumen. The alcoholic solution, when evaporated, 
leaves a deep orange residuum which is very bitter, .and 
resembles the resin of bile. Ether also dissolves cerumen, but 
the solution is less highly coloured than that in alcohol. 
Ambergris is found floating on the sea within the tropics, 
sometimes in large masses, and its origin is still matter of con- 
jecture. Though hitherto arranged among animal resins, yet 
it appears to consist, according to Pelletier and Caventou, 
chiefly of a substance all oad to that found by Chevreul in 


biliary calculi, and called by him, cholesterine. 'To this matter, 
as obtained from ambergris, Pelletier and Caventou have. 


given the name of ambreine. It may be extracted by digest- 
ing ambergris in hot alcohol of sp. gr. 0.827. On cooling, 
the alcohol deposits the ambreine in very bulky irregular 
crystals. It softens at 77°, melts at 86°, and when raised a 
little above 212° flies off in a white smoke. It is not capable 
of uniting with alkalis so as to form soap. : 

PN es by being heated with nitric acid, is converted 
into a peculiar acid, to which the name of ambreic acid has 
been given. It is yellow while in a mass, but when spread 
thin is almost white. It has a peculiar smell, and reddens 
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vegetable blues. It is not fusible, even when heated to 212°, 
It is very sparingly soluble in water,- but dissolves copiously 
in alcohol and ether. It unites with potassa, and forms a salt, 
which gives a yellow precipitate with muriates of lime and 
baryta, sulphates of copper and silver, muriates of tin and 
gold, and some other metallic salts. (Ann. of Phil. xvi. 93.) 

Castor is found in two small bags in the inguinal regions of 
the beaver, Itis of a yellow colour, and when fresh extracted 
nearly fluid, but by exposure to the air it hardens, and ac- 
quires a resinous appearance. Its principal ingredient is a 
resin, which appears to be analogous to the resin of bile. It 
contains also carbonates of potassa, lime, and ammonia, 
‘nllieilaginous extractive matter, and a volatile oil on which its 
J adour seems to depend. 
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SECTION VII. 


Animal Sugar. 


Suacar enters pretty largely into the composition of milk ; 
and into the urine, when altered by disease. It may be 
obtained from milk by the following process : | 

I. Let whey be evaporated to the consistence of honey, and 
allowed to cool. It concretes into a solid mass, which is to 
be dissolved in water, clarified by white of eggs, filtered, and 
‘again evaporated to the consistence of syrup. On cooling, a 
number of brilliant white crystals are deposited, which are 
.. othe sugar of milk. The reader who wishes for a fuller account 

ae” of the preparation of this substance, as practised for sale in 
“some parts of Switzerland, will find it in the Ist vol. of John- 
son’s History of Animal Chemistry. 

1. Sugar of milk has a sweetish taste, and no smell. 

2. It requires for solution seven parts of cold or four of 
boiling water; and is insoluble in alcohol. In these proper- 
ties it differs from common sugar, and also in its relation to 
nitric acid, which will be afterwards stated, under the head of 
saccholactic acid. _ 

3. When exposed to heat, this species of sugar melts and 

2D2 
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burns with the same appearances as common sugar, and with 
a similar smell. 

Gay Lussac and Thenard have obtained by their analysis, 
the following results, which correspond, almost exactly, with 
those of Berzelius. 

CORT DE Yoram ins bie cjetsty L's tte elo mee 
COVEN abs Abate sad nye ln. « nine Osos 
CRB abrateccr ests) Jp 05] UN CINR ae Ran ile B12 
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These proportions agree also with the results of Dr. Prout, 

_ and are very nearly the same as those assigned by him to vege- 
table sugar. He is inclined, indeed, to think that the primary 
and simple saccharine principle is composed of equal numbers 
of atoms of each element, and that its modifications are to 
be attributed to the influence of minute quantities of foreign 
matter. (Med. Chir. Trans. vill. 538.) 

II. The urine of diabetic patients yields sugar on evapora- 
tion, which approaches more nearly in its characters to those 
of vegetable sugar, but is generally said to be incapable of 
crystallization. By exposing the solution, however, for some 
time to the air, and removing occasionally the scum which 
is formed, I have obtained beautiful white crystals, not inferior 
to those of vegetable sugar. Chevreul has, also, obtained 
similar crystals, which, when drained, then pressed, and dis- 
solved in hot alcohol, gave a solution that by slow evaporation 

afforded perfectly white crystals. In its properties, diabetic 
sugar he found to approach most nearly to the sugar obtained 
from grapes ;* and Dr. Prout, by analysis, finds its composi- 
tion precisely similar to that of vegetable sugar + 


Le 
SECTION VIII. 
Animal Oils. 


Anmat oils differ from the vegetable oils, in being gene- 
rally, though not always, solid at the temperature of Bo 


* 95 Ann. de Chim. 319. +t Med. Chir, Trans. viii. 537. 
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atmosphere, but are similar to them in other properties. 
Among animal oils, may be ranked whale oil, sperm oil, 
spermaceti, butter, tallow, lard, suet, &c. 

I. WHALE OIL, Or TRAIN OIL, is extracted from the blubber 
of the whale, which is originally a firm solid fat, but on reach- 
ing this climate, is found to be mostly resolved into a fluid. 
To obtain the oil, the blubber is melted in large copper vessels, 
under which a fire is made. Besides the oil, a quantity of 
water separates, and on the surface there floats a solid matter 
called fenks, which is probably coagulated albumen. The more 
moderate the heat, and the shorter its duration, the paler 
and better is the oil, but this occasions a smaller quantity to 
be produced. The deep colour is owing partly to too great 
heat in the boiling, and partly to blood and other impurities 
which are unavoidably mixed with it. What is extracted in 
Greenland is perfectly pale and limpid, and free from smell, 
and burns with a much purer and brighter flame than what 
is made in this country. In the early period of the Greenland 
fishery, the blubber was converted into oil in these regions ; 
but the scite of the fishery is now so much changed, and its 
extent so much increased, as to render this no longer prac- 
ticable. (Scoresby’s Arctic Regions.) 

Whale oil requires to be kept in close vessels to prevent the 
action.of the air, which seems in time to injure it. [t is rendered 
more fluid and combustible by adding a little cold drawn 
linseed oil; but it cannot be made so fit for burning in lamps 
as spermaceti oil. Perhaps the best way of using it will be 
found to be the converting it into oil gas. (See vol. i. p. 418.) 
For burning in lamps, it may be deprived of its offensive 
odour by several processes described by Mr. Dossie in fs aft 
vol. of the Phil. Mag. 

The specific gravity of whale oil is 0.9191. It boils at 
640°, and may be distilled over; but its properties are then 
materially altered, or rather it becomes a new substance, its 
specific gravity being diminished to 0.868, its boiling point 
lowered, and its inflammability much increased. By long 
continued heat, without being volatilized, it undergoes changes 
which have been described in the 54th vol. of the Phil. Mag. 
and also by Dr. Bostock, in the Ann. of Phil. N.S. i. 47. 


i, 
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Dr. Thomson analyzed whale’oil, and found it to consist of 


Carbon ........ 12 atoms.... 72 ..+. 68.87. 
Oxygen s..,.+5- 2 ditto ....16 ..«+ 16,10 
Hydrogen 4;,....17 ditto 1... 17 ess« 15.038 


eae 
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II. Sperm o1t, or SpermMacett ort, forms part of the oily 
substance found in the cranium of the physetor macrocephalus, 
ér spermaceti whale. The oil is separated by putting the 
mass into a woollen bag and pressing it, by which the oil is 
made to run out, and the solid residue, when washed with a 
weak alkaline ley, affords spermaceti. 

Spermaceti oil is much purer than train él and burns 
Away without leaving any charcoal on the wicks of lamps. 
It has been dectripacedl by Dr. Ure, by peroxide of copper, 
and found to consist of 


Carbon ...... 10 atoms.... 60 ...... 78.00 
Oxygen..s... I ditto .... 8 ...+.. 10.20 
ElyGrogen gen, O CULO sais of Dey nase LagoU 


aL 100. 


Ill. Spermaceri (called by Chevreul+ cetine) bears some 
resemblance to wax, but differs from it in other properties. 
It is more readily fusible, viz. at 112° Fahr. and is less solu- 
ble in boiling alcohol, of which it requires 150 times its weight. 
It is copiously. dissolved by boiling ether; and the solution, 
on cooling, becomes a solid mass. Pure potassa acts on it 
more remarkably than on wax; and the compound is quite 
soluble, forming a true soap. A heated solution of ammonia 
affords a liquid, which is not precipitated by cooling, or by 
the addition of water; but is decomposed by acids. From the © 
solution by potassa, Chevreul separated, by adding a mineral 

acid, a substance, which he terms cetic acid. It is a white 
solid, fusible at nearly the same point as spermaceti, but which 
does not, on cooling, crystallize in plates. It is insoluble in 
water, but much more soluble in alcohol than spermaceti, and 


* System of Chemistry, iv. 433. + Ann, de Chim, et Phys. vii. 155. 
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is susceptible of union with various bases, with which it forms 
salts or soaps.* 

IV. Apivocire.—A singular instance of the production of 
animal oil from the lean or muscular part of animals, occurs 
in the conversion of muscle into a substance resembling 
spermaceti, and called by the French chemists apipocireE. 
To effect this conversion, it is only necessary to confine the 
fleshy part of an animal in a box, with several holes in it, 
under the surface of a running stream. When thus confined, 
the change takes place spontaneously in the course of a few 
months. But it may be accomplished much sooner, by digest- 
ing animal muscle in strong uitric acid, and washing off the 
acid by water, as soon as the change has ensued. ‘The sub- 
stance, thus obtained, may be bleached, by exposure to chlo- 
rine gas. From the experiments of Chevreul and of Gay 
Lussac,} the fatty matter thus obtained appears to be sepa-~ 
rated, rather than formed, by the processes which have been 
described. ‘Their inferences, however, are not admitted by 
Dr. Thomson.t 

Adipocire has a light yellow colour, the consistence of 
tallow, and a homogeneous texture. It melts at an inferior 
temperature to either of the foregoing bodies, viz. at 92° 
Fahrenheit. Cold alcohol has little action, but:when heated, 
dissolves about 1 or 1 its weight.. On cooling, it is deposited 
nearly white, and the alcohol has acquired a yellow tinge. 
Boiling ether dissolves nearly one-fourth, which separates, 
almost white, on cooling. Fixed alkalis act on this substance, 
as on wax and spermaceti, forming with it a soluble soap. 
Cold ammonia scarcely attracts it, and in this respect it differs 
from both the preceding substances. | 

V. The rat of animals may be separated from the mem- 
branous and other substances, with which it is united, by 
melting it at a gentle heat, with the addition of a small quan- 
tity of water. Fat, which has been thus prepared, is called 
lard when of a soft consistence, and tal/ow when harder. 
From the whale and some other animals, the fat is obtained 
fluid, and is then called animal oil. 


* Ann. de Chim. et Phys. xcv, 17. Ibid. iv. 71. 
¢ Annals of Phil, xii. 41. 
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Animal fat is insipid and free from smell. It cannot be 
combined either with water or with alcohol; but it unites with 
alkalis and forms soap. It is apt to become rancid by keeping, 
owing to the formation of an acid, most probably. by the 
oxygenation of gelatine, or of some other animal substance 
which the fat contains. 

Tat melts at a very moderate heat. Lard becomes fluid at 
about 92° Fahrenheit, and tallow a few degrees higher. Ata 
still higher temperature,’ tallow is decomposed, and yields, 
among other products, a Jarge quantity of olefiant gas. Hence 
its fitness for artificial illumination. 

If fat be melted with about one sixteenth its weight of nitric 
acid, the mixture being kept fluid, and constantly stirred for 
some time, a considerable change is produced in its appear- 
ance. Nitric oxide and nitrogen gases are evolved; and the 
lard becomes granular, of a firmer consistence, and soluble 
in alcohol. Any adhering acid may be removed by washing 
it with water. In this state, it has been called by the French 
chemists oxygenated fat. 

Melted fat dissolves both sulphur and phosphorus. It 
unites, also, with several metallic oxides, and forms com- 
pounds, which have nearly a solid consistence. 


Stearin, Elain, &c. 


It has been shown by the experiments of Chevreul, which 
have been confirmed by those of Braconnot,* that fat is not 
homogeneous, but composed of two distinct substances. 
When hog’s-lard is heated with alcohol, the fluid on cooling 
deposits watite te crystalline needles, which may be purified by 
again dissolving them in hot alcohol, and allowing them to 
crystallize a second time. To the solid thus obtained, 
Chevreul has given the name of stearin from oleae, tallow. 
It is white, brittle, and free from taste and smell, and in 
appearance resembles wax. Its point of fusion varies from 
109° to 120° Fahr. according to the source from which it has 
been obtained. It is soluble in heated alcohol; and is conver- 
tible into soap by being treated with alkalis. 


' * Ann. de Chim. tom. Ixxxviii. xcili., xciv. xcv.; and Ann, de Chim. et 
Phys. vol. 11, &e, 
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When the alcoholic solution of fat, after having deposited 
all its stearin, is submitted to distillation, there remains an 
oil, which is fluid at 59° Fahrenheit, and is called by Chev- 
reul elain (from eau, oil.) It has generally both colour and 
smell, but these are not essential to it, and depend on the 
source from which it has been obtained. | It is convertible into 
soap with alkalis. 

Braconnot separated these two component principles from 
each other, by simply pressing fat between folds of blotting 
paper, which imbibes only the elain, and again gives it out 
on being moistened with water and submitted to pressure. 
The proportion of the two ingredients differs considerably 
in different varieties of fat. Stearin being the cause of its 
hardness is, of course, most abundant in fat of firmest con- 
sistence. : 

M. Peclet employs another process, founded on the pro- 
perty that stearin possesses, of being saponified at common 
temperatures by strong alkaline lixivia, which does not belong 
to elain. To separate these two substances, when existing 
together in any oil, he pours upon the oil a concentrated 
solution of caustic soda, agitates the mixture, and heats it 
gently to separate the elain from the soap of the stearin; 
he then throws it upon a linen drainer, and finally separates 
by decantation the elain from the excess of the alkaline solu- 
tion. The elain thus separated is identical with that obtained 
by the processes of Chevreul and Braconnot. _ (Ann. de Ch. et 
de Phys. xxii. 330.) 

When hog’s-iard is made into a soap with potassa, and this 
soap is put into water, it ispartly dissolved, and partly depo- 
sited in pearl-coloured scales. These scales consist of potassa 
united with a peculiar acid, which is separated by adding a due 
quantity of muriatic acid, and floats on the surface of the 
liquor. Chevreul at first gave it the name of margarine (from 
paoyaoitas, a pearl), but afterwards proposed that of margaritic 
acid. It is tasteless, but reddens litmus, is fusible at 194°, 
and on cooling shoots into brilliant white needles; floats on 
water, and is insoluble in it; but is soluble to great extent in 
alcohol. It unites with potassa in two proportions, viz. that 
of 100 acid to 8.80 potassa, and of 100 acid to 17.77 potassa, 
It is also capable of uniting with other salifiable bases, 
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That portion of the soap of hog’s-lard, which remains dis- 
solved in water, is a compound of potassa with a different acid, 
mixed however with some proportion of the margaritic. To 
separate this acid, the soap was decomposed by tartaric acid 5 
the oleic acid thus obtained was again saturated with potassa, 
and the compound again decomposed by tartaric acid. After 
two or three repetitions of this process, an oily fluid was 
obtained, destitute of smell and colour; of the specific gravity 
.899; and remaining fluid till cooled to 35°, or, in some of its 
varieties, to 43°. This acid does not unite with water, but is 
very soluble in alcohol. It unites also, with salifiable bases, 
and forms a variety of salts or soaps, the precise composition 
of which has been stated by Chevreul.* 

A very remarkable experiment has been performed by 
Berard, the result of which has been the production of a 
substance resembling fat from bodies in a gaseous state. It 
consisted in mixing together one volume of carbonic acid, 10 
volumes. of carbureted hydrogen, and 20 volumes of hydrogen, 
and passing the mixture through a red hot porcelain tube. 
The result was a substance in small white crystals, lighter than 
water, soluble in alcohol, and fusible by heat into a fluid 
resembling a fixed oil.t Dobereiner is said, also, to have 
obtained a similar product by igniting a mixture of coal gas 
and aqueous vapour. 


a 
SECTION IX. 
Animal Acids, 


Or the acids, that have hitherto been discovered to enter 
into the composition of animal substances, several have already 
been described, viz. the phosphoric, sulphuric, muriatic, car- 
bonic, benzoic, acetic, and malic. Besides these, the following 
are either component parts of animal venice or are formed 
by treating them with chemical agents. ° 

I. The wric acid, or lithic acid, exists in human urine, even 
in its most healthy state, not however uncombined, but gene- 

: i ae a eee eee) 
* Ann, de Chim, xciv, 263, Thomson’s Annals, xii. 41, 
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rally united with ammonia. The purest form in which it 
occurs is in‘the excrement of the serpent, called boa constrictor, 
and of other amphibia. (Phil. Trans. 1818, p. $03.) Prof. 
Pfaff, however, finds that this excrement contains so much 
ammonia, that it may more properly be considered as a sub- 
urate of that alkali. (Ann. of Phil. ‘N.S. vi..75.) The 
substance, occasionally voided along with the urine, and called — 
gravel, consists for the most part of uric acid; and this acid 
forms, also, one of the most common ingredients of urinary 
calculi. It may be obtained, by dissolving a calculus of this 
kind (the external characters of which: will be hereafter 
described), reduced to fine powder, in solution of potassa ; 
decomposing the clear solution by muriatic acid added in 
excess; and washing the precipitate with a large quantity of 
distilled water. ‘he precipitate may be drained, and dried 
at 212°, a temperature sufficient to deprive it entirely of 
water. ‘aoe 

1. Uric acid, when pure, is destitute of colour, taste, and 
smell; it dissolves in 1720 parts of cold water, or 1150 parts 
of boiling water; from which, on cooling, much of the acid 
precipitates. ‘This was the degree of solubility in the specimen 
which I tried, but Dr. Prout (on Calculous Diseases, p. 14,) 
states that one part of uric acid does not dissolve in less than 
10.000 parts of water at 60°. It is possible, therefore, that 
my specimen might contain urate of ammonia, which is a much 
more soluble substance. The solution reddens vegetable 
blue colours, and combines readily with pure alkalis, but does 
not efferversce with the alkaline carbonates. The resulting 
salts, termed wrates or lithates, I have described at length in 
the Manchester Scciety’s Memoirs, vol. ii. N. S. Fixed 
alkaline solutions dissolve a considerable quantity of uric acid, 
if the alkali be in excess. ‘The saturated compounds, how- 
ever, of uric acid with alkalis, are not much more soluble in 
water than the acid itself. The combination of uric acid with 
soda constitutes the principal part of the concretions, found 
near the joints of gouty persons.* _ 

2. Nitric acid, diluted with about an equal weight of water, 
dissolves the uric acid at a moderate heat, and a solution is 


* Thomson’s Annals, xil. 68, 
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obtained which stains the skin permanently of a pink colour ; 
but the colour is not fully developed till the part has been 
exposed to the sun. Ifthe solution be boiled, carbonic acid 
and nitrogen gases escape, and prussic acid is formed. On 
evaporation to dryness, a bright red or carmine coloured mass 
remains, of which more will be said in connection with the 
purpuric-acid. By repeatedly distilling nitric from uric acid, 
the latter is at length wholly decomposed; carbonic acid and 
nitrogen gases are evolved; and a stong smell of prussic acid 
is produced. The residuary fluid deposits crystals, which 
Dr. Pearson found to be nitrate of ammonia. Chlorine gas, 
passed through water in which uric acid is suspended, occa- 

- sions the formation of muriate of ammonia, and of oxalic and — 
malic acids. , 

3. When the uric acid is distilled per se, about one fourth 
its weight of a yellow sublimate arises, which contains no uric 
acid; but a new and peculiar one combined with ammonia. 
A few drops of thick oil make their appearance; and carbon- 
ate of ammonia, with some prussic acid, water, and carbonic 
acid, are obtained. In the retort there remains about one 
sixth of charcoal. By submitting uric acid to destructive dis- 
tillation along with oxide of copper, Gay Lussac determined 
that the carbon is to the azote which it contains, in volume, 
as 2 to 1, as is also the case in cyanogen.* It has been 
shown, also, by Berard, that in uric acid, the hydrogen is to 
the oxygen in a greater proportion than in water, contrary to 
what has been established with respect to vegetable acids. + 
Dr. Prout has, also, analyzed uric acid by the same process 
as that of Gay Lussac, and finds it to be composed of 


Hydrogen...... 2.857 = 1 atom or 1 volume 
Carbon.........3%.286 = 2 ditto or 2 ditto 
Oxypen.,..,...22-807 = 1 ditto or'+ ditto 


~ 


ALOU! so: ius ele 6 eh. = 1 ditto or 1 ditto 
100. 


Pyro-uric acid. This acid, the existence of which had been 
hinted by Scheele, and some of its compounds examined by 


# 96 Ann. de Chim, 53, t Ann, et Chim, et Phys, v. 295. 
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myself; has been fully investigated by Chevallier’ and Las- 
saigne. (Ann. of Phil. xvi. 25.) They dissolved the yellow 
sublimate (noticed No. 3, of the last article) in water, and 
added sub-acetate of lead. A white precipitate was obtained, 
which, after being washed with water, was. decomposed by 
sulphureted hydrogen gas. The liquid, when filtered and 
evaporated, yielded small white needles which were pure 
pyro-uric acid. 

Of this acid, cold water dissolves about one fourth of its 
weight, and the solution reddens vegetable blues. It dissdlves 
in boiling alcohol, and separates, as the solution’ cools, in 
small white grains. When heated, it melts, and sublimes 
entirely in white needles. By being passed through a red 
hot glass tube, it is decomposed, and converted into the com- 
mon products of animal matter. It dissolves in nitric acid, 
and, by evaporation of the acid, is obtained unaltered, a 
character sufficiently distinguishing it from uric acid, which, 
when thus treated, yields purpurate of ammonia. 

With lime, pyro-uric acid forms a crystallizable salt, which 
melts on applying heat, and assumes on cooling the consis- 
tence of yellow wax. It is constituted of 91.4 acid + 8.6 base. 
Potassa, soda, and ammonia, form with it soluble salts, the 
two first of which are crystallizable. Its compound with 
baryta is very sparingly soluble. Its alkaline salts precipitate 
peroxide of iron yellow; that of copper bluish white; and 
the oxides of mercury, silver, and lead, quite white. 

When analyzed by combustion with peroxide of copper it 
afforded ! | : 

Carbon! ys {20 22" atoms oy. 72s a Boe 
Oxygen ...... 14 ditto .. 112 ...... 44.32 
Hydfogen . >... 25. ditto, 6. 26 oie tka" 

AZO tes ESR IO iS CAs ft Osan 


| 951 99.45 

In this analysis the products, it may be observed, fall short 
of the original acid by 0.55 per cent. 

Purpuric acid.— When to a solution of pure uric acid in 
diluted nitric acid, ammonia is added, so as to neutralize the 
excess of acid, and the solution is slowly evaporated, its colour 
gradually becomes of a deeper purple, and dark red crystals 
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soon begin to separate in abundance. These may be dis- 
solved in dilute solution of potassa, and heat. applied to the 
solution till the:red colour entirely disappears. The alkaline 
solution is then to be gradually dropped into diluted sulphuric 
acid, which saturates both the potassa and ammonia, and 
precipitates a peculiar acid in the form of a very fine powder, 
of a slightly yellowish or cream colour, exhibiting a pearly 
lustre when viewed by a magnifier, and destitute both of smell 
and ‘taste. It is of greater specific gravity than water, 
though, from its minute state of division, it subsides very 
slowly. This powder is the purpuric acid; a title assigned to 
it by Dr. Prout from its power of saturating alkalis, though 
it is not capable of reddening litmus. 

Purpuric acid is very little soluble in water, 1000 grains of 
which do not dissolve 1-10th of a grain, but the water assumes 
a purple tint, which it retains when cold. It is insoluble in 
ether, alcohol, dilute mineral acids, and solutions of oxalic, 
citric, and tartaric acids. Concentrated mineral acids, and 
strong alkaline solutions, dissolve it readily. Strong nitric acid 
decomposes it with heat, and a purple compound is obtained 
by evaporation to dryness, precisely as if uric acid had been 
dissolved. 

Purpuric acid expels carbonic acid from the alkaline eo 
nates with theassistance of heat, and affords a class of compounds 
called purpurates. ‘The aqueous solutions of these salts have a 
beautiful deep carmine or rose red colour, from which property 
the specific name of the acid has been derived. ‘This colour 
is perhaps best shown in purpurate of ammonia, which Dr. 
Prout supposes to constitute the colouring ingredient of the 
pink sediment, deposited from the urine of persons labouring 
under fevers. 

By the combustion of purpuric acid with peroxide of cop- 
per, Dr. Prout determined it to consist of 

ROREOOR Viele os es MOINS bigs ae eles wetter 
Onyren ss 09 Saito a. 6 2s ie BOE 
FHycrogen’’ 2 Uitte 13S Varta a. acs 
Agote fa. s AV dita oe. IER a SE BI 


eoaeomet 


Ads ~ 100.* 
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* Phil. Trans, 1818, p. 423, 
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An acid has also been obtained by Brugnatelli, by acting on 
uric acid with nitric acid, which he has proposed to call ery- 
thrie acid (from epupalvew, to redden) and its compounds ery- 
thrates.’(Phil. Mag. lii. 30.) This compound differs, how- 
ever, essentially from the purpuric acid of Dr. Prout. It 
may be formed by dissolving pure uric acid in a slight excess 
of nitric acid, evaporating slowly, and putting the solution by, 
to crystallize in a cool place. ‘These crystals Dr. Prout sup- 
poses to be either a compound of super-nitrate and super-pur- 
purate of ammonia, or a simple compound of nitric and pur- 
puricacid. (Ann. of Phil. xiv. 363.) ‘They turn slowly toa 
purple colour on exposure to the air, or more rapidly if dis- 
solved in water and mixed with a few drops of liquid 
ammonia. | 

Vauquelin, on repeating the experiments of Dr. Prout and 
Brugnatelli, obtained different results. He recognized two 
distinct acids, formed by the action of nitric acid on uric 
acid, the one coloured and forming an insoluble compound 
with oxide of lead, the other white and yielding a soluble salt 
with that oxide. He was disposed, however, to believe that 
these acids are identically the same, and are modified. by 
colouring matter adhering to one of them. Lassaigne, also, 
has made experiments, which lead him to be of opinion, that 
the acid examined by Dr. Prout was not pure, and that when 
pure it does not form purple combinations. He prefers, there- 
fore, with Vauquelin to call it the oxygenated uric acid. 
(Ann. de Ch. et de Ph. xxii. 334.) | 

II.’ Rosacic Acid.—There is asubstance well known to phy- 
sicians, as a deposit from the urine at certain stages of fever, 
at the close of attacks of gout, and in other diseases, under the 
name of lateritious sediment, which Dr. Prout considers as 
chiefly composed of purpurate of ammonia, formed probably 
by the action of nitric acid on uric acid, in the urinary organs 
or passages. (On Calculous Diseases, p. 16.) According to 
Proust, however, this sediment contains, mixed with uric acid 
and phosphate of lime, a peculiar acid, which he terms the 
rosacic, from its resemblance in eolour to the rose. . This 
acid, he observes, differs chiefly from the uric, in being very 
soluble in hot water ; in having little tendency to crystallize; 
and in precipitating muriate of gold of a violet colour. ‘The 
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experiments of Proust have been confirmed and extended, first 
by Vauquelin and afterwards by Vogel.* The latter chemist — 
finds that concentrated sulphuric acid converts rosacic acid 
first into a deep red powder, and afterwards into a white inso- 
Juble substance which has all the properties of uric acid. 
Nitric acid effects the same change. It appears, therefore, 
that the rosacic and uric acids differ but little from each other, 
-and that the transition is easily made from the former to the 
- latter. 

III. The amniotic acid has been discovered by Fourcroy 
and Vauquelin, in the liquor of the amnios of the cow, from 
which, by slow evaporation, it separates in white crystals. It 
has a brilliant appearance; a slight degree of sourness ; red- 
dens vegetable blues; is scarcely soluble in cold water, but 
readily in hot, from which it separates, on cooling, in long 
crystals. It is also soluble in heated alcohol. It combines 
‘readily with alkalis and forms neutral salts, from which the 
amniotic acid is precipitated by other acids. It does not 
decompose alkaline carbonates; nor does it precipitate salts 
with earthy bases, nor the nitrates of silver, mercury, or lead. 
By a strong heat, it is decomposed, emits ammonia and 
prussic acid, and leaves a bulky charcoal. 

IV. The lactic acid forms a component part of sour milk ; 
from which the acid may be obtained by gently evaporating 
‘it to about one-eighth; filtering to separate the curd; and 
adding lime-water to the residue. A precipitate of lactate of 
lime is formed; from which the acid may be separated by 
oxalic acid. ‘The lactic acid is thus obtained in an impure. 
state, dissolved in water. Evaporate the solution to the con- 
sistence of honey; on this pour alcohol, and filter the solu- 
tion. When the alcohol is separated by ech aghiies the lactic 
acid remains pure. 

This acid has a yellow colour, is not susceptible of being 
crystallized, and attracts the humidity of the air. . It combines 
with alkalis and earths, and forms deliquescent salts. It dis- 
solves iron and zinc, with a production of hydrogen gas. It 
unites also with the oxides of other metals. In its properties, 
it bears most resemblance to acetic acid. Fourcroy, indeed, 


* 96 Ann. de Chim. 306. 
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supposed that it is really the acetic acid, holding in solution a 
quantity of extractive matter and of the salts contained in 
whey, which disguise its ordinary properties.* But Berzelius 
contends that it is a distinct acid, and that it exists, either free 
or united with soda, in all animal fluids.+ 

V. The saccholactic, saclactic, or mucic acid (the last of 
which names is considered by Berzelius as improper) is formed 
by pouring on powdered sugar of milk, in a stoppered retort, 
four times its weight of nitric acid, and distilling off a consi- 
derable portion of the liquor. On leaving it to crystallize, 
oxalic acid is obtained; but if, instead of this, the liquid be 
suddenly diluted with water, a white sediment forms, which 
may be separated by decantation and washing, and the oxalic 
acid remains in solution. 

Saclactic acid may, also, be obtained by pouring on one 
part of gum arabic in a stoppered retort, two parts of nitric 
acid ; applying heat a short time, till a little nitrous and car- 
bonic acid gases have come over, and then allowing the mix- 
ture to cool. A white powder gradually separates, from 
which the liquid is to be decanted. The powder, after 
being washed several times with cold water, is saccholactic 
acid. | 

This acid is about one-fourth more soluble in hot than in 
cold water. Of the former it requires 60 parts. ‘The solution 
is acid, and reddens the colour of litmus. -At a boiling heat, 
it effervesces with alkaline carbonates; and unites readily with 
alkalis and earths, forming a genus of salts which are called. 
saccholactates or saclactates. With potassa, it affords a salt 
soluble in eight times its weight of cold water, and crystal- 
lizable on cooling ; and with soda a salt equally crystallizable, 
and requiring only five parts of water for solution. ! 

The saccholactic acid is decomposed, when distilled at a red 
heat, and yields an acid liquor, which deposits needle-shaped 
crystals. An empyreumatic oil is also formed, and a consi- 
derable quantity-of carbonic acid and hydro-carburet gases. 
A considerable proportion of charcoal remains in the retort. 


* Nicholson’s Journal, x. 264. 

+ Thomson’s Annals, ii. 201, note. See also his Investigation of the 
lactic: acid, in Phil. Mag. xli. 241. 
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Gay Lussac and Thenard, and Berzelius, have determined its 
composition to be 


Carbon... 7955( 99.69 2266.0. s 33430 

Oxyren)) VII. 62:60 Visi 61.465 

Hydroven ayes 8.029). ei08's 5.105 
100.* 100:T 


Calculating on the results of Berzelius’s experiments, sac- 
lactic acid should consist of 


Carbon ..... », O BtGHIS se). BG key. 94498 
Oxygen <..... & ditto J... 64 .... 60.98 
ELVdropen °. aes MUO Sg es at a gee UE 


eee os 


105 100. 


Saclactate of lead has also been analyzed by Berzelius, and 
with a result which confirms the above equivalent number. It 
was found to consist of 100 saclactic acid + 106.87 protoxide © 
_ of lead, numbers which have as nearly as possible the propor- 
tion of 105 to 112, the equivalent of the protoxide. 

VI. Sebacic acid—According to Thenard, the acid which 
has been described as the sebacic, obtained by adding finely 
powdered quicklime to melted fat, and disengaging the acid 
by the sulphuric, is merely acetic acid, disguised by a little sul- 
phurous acid. Besides this, however, a different acid may be 
procured by first distilling hogs’-lard, and washing the product 
with hot water. The watery solution, poured into one of ace- 
tate of lead, gives a flaky precipitate, which is to be heated, 
along with sulphuric acid, in a retort. No acid is distilled 
over; but on the surface of the matter in the retort, there 
floats a substance resembling fat, which may be separated, and 
washed with boiling water. The water entirely dissolves it, 
and becomes concrete on cooling. 

The acid, thus procured, has a white colour; is without 
smell; has a slightly acid taste, and reddens infusion of 
litmus. When heated, it melts like a sort of fat; boiling 
water saturated with it becomes solid on cooling, Alcohol 
dissolves it copiously. It precipitates acetates and nitrates of 
mercury and lead, and nitrate of silver. The alkalis are 


* Gay Lussac and Thenard. + Berzelius. 
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neutralized by it, and form soluble salts, which do not decom- 
pose the solutions of lime, baryta, or strontia. It may be 
volatilized ; but requires a higher temperature than benzoic 
acid, which, in several particulars, it greatly resembles. Ber- 
zelius, indeed, considers it as merely benzbic acid, impregnated 
with other products of the distillation by which it has been 
obtained, and it is extremely probable that his opinion is well 
founded. 

VIL. The hydro-cyanic acid is formed, chiefly during the 
decomposition of animal substances, at. high temperatures: 
or rather, as Gay Lussac has rendered probable, a cyanide of 
potassium is formed, which becomes hydro-cyanate of potassa, 
when acted upon by: water and an acid conjointly, in the man- 
ner already explained in the section on cyanogen. 

VIII. The xoonic acid has been shown by Thenard to be 
merely the acetous, holding some animal matter in solution. 

IX. The formic acid, or acid of ants, was submitted to a 
course of experiments by Fourcroy and Vauquelin,, who 
inferred that it is merely a mixture of acetic and malic acids. 
This conclusion was opposed by the experiments of Suersen, 
who endeavoured to prove that the formic is really a peculiar 
acid; but its identity with the acetic was again asserted by 
Fourcroy and Vauquelin, and the only difference between the 
two, alleged to consist in the presence in the formic of a little 
phosphoric acid and animal matter.* Gehlen, however, pub- 
lished a fresh series of experiments, the object of which was to 
prove that the formic is really a peculiar acid. Its smell and 
taste differ, he alleges, entirely from those of acetic acid. 
When sufficiently cooled, it becomes solid, but does not crys- 
tallize. Its specific gravity is 1.1168; when diluted with an 
equal weight of water, it becomes 1.060; and with twice its 
weight, 1.0296; in all which respects it differs decidedly from 
acetic acid, as well as in composing different salts with oxide 
of copper and other bases. 

The formic acid is recognized, also, as a peculiar compound 
by Berzelius. By analysis, he obtained as the ingredients of 
formic acid, 


* Ann, de Chim, Ixiv. 48. + Thomson’s Annals, v. 24. 
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Carbon. ..e6. seis ears 32.970 
OXYGEN ss oilaee sees. 64.223 
Hydrogen Gti. 4%... v @s 2 2.807 


100. 
Reducing these proportions to atoms, we find that formic 
acid is constituted of . 
ROD Fs sis te AROS 6s 5, 1D) ny 5 3 Pee 
Oxygen ...... 3 ditto .... 24 .... 64.8 
Pivdrogen s/s). Aine) eee eR 


——— oe ee 


37 100. 


The equivalent thus deduced differs very little from that 
derivable from the composition of formate of lead, which 
Berzelius found to consist of 100 acid + 298.1 base. If these 
results are worthy of confidence, there is a material difference 
between the constitution of formic and acetic acids, the 
latter of which contains 4 atoms of carbon + 3 of oxygen 
+ 2 of hydrogen, and is represented by 50. The acid, to 
which the formic most nearly approaches, is the oxalic, from 
which it differs only in containing an atom of hydrogen in 
addition to the carbon and oxygen. Dobereiner has formed 
it artificially, by slightly heating bi-tartrate of potassa or 
tartaric acid with black oxide of manganese and water. A 
ereat quantity of carbonic acid escapes, and a sour colourless 
liquid distils, which is formic acid. (Ann. of Phil. N.S. 
iv. 310.) | 


ZTE 6. . 


CHAPTER XIIL 
¢ . 
OF THE MORE COMPLEX ANIMAL PRODUCTS. 


Ati arrangements of the various substances, that compose 
the animal body, must, in the present state of our knowledge, 
be entirely arbitrary; and it can, therefore, be of little con- 
sequence which of them is adopted. ‘The most obvious divi- 
sion is that which distributes them into fluids and solids, and 
this order I shall follow in the description of their individual 
properties. A minute history, however, of all the variety of 
animal compounds would be foreign to the purpose of this 
work, and could not be given without very long details. For 
this reason, I shall notice, at greatest length, those which are 
most interesting, from their connection with animal physiology. 


on meee 
SECTION If. _ 
Of the Blood—Respiration, &ec. 


Tue blood, when examined as ‘soon as it has been drawn 
from the body, is a smooth and apparently homogeneous 
fluid ; viscid to the touch; and ofa specific gravity exceeding 
that of water, in a proportion which, generally speaking, varies 
from 1.036 to 1.050. A vapour presently exhales from it, which 
has a peculiar smell, but which does not, when condensed, 
afford a liquid differing essentially from water. In a few 
minutes, a thin film appears on the surface; and, after a short 
time, the whole mass becomes coherent. When it has remain- 
ed some time in this gelatinous state, a more complete separa- 
tion of its principles ensues. Drops of a yellowish liquid ooze 
out from beneath the surface of the mass; and, at length, the 
whole is resolved into two parts, a firm red substance called 
the cruor, crassamentum, or clot; and a yellowish liquid 
termed serum. The proportion of these parts varies consi- 
derably; the crassamentum being much more abundant in 
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vigorous, well-fed animals, than in such as have been debili- 
tated by disease or by poor living. 

_ The period, at which coagulation begins, varies not only 
with the condition of the blood itself, but with the circum- 
stances in which it is placed. It commences sooner as the 
vessel is more shallow; but, on an average, it may be said to 
begin in about 31 minutes, and to be completed in seven. 
Fourcroy states that, during coagulation, caloric is evolved ; 
and this fact appeared to be established, also, by the experi- 
ments of Dr. Gordon, who found the coagulating part of a 
quantity of blood warmer than the rest, by from 6° to 12° 
Fahrenheit.* Subsequent experiments by Dr. John Davy+ 
have, however, rendered the fact extremely questionable, and 
have led to the suggestion of some sources of fallacy in Dr. 
Gordon’s investigation. 

- The serum is an apparently homogeneous fluid, with a 
yellowish and sometimes slightly greenish tinge; is unctuous 
to the touch, and saltish to the taste. Its specific gravity is very 
variable, but on the average is about 1.029. When exposed 
to a heat of 160°, and still more readily in that of 212°, 
serum is converted into a pretty firm white mass. This, in 
fact, is merely coagulated albumen, the properties of which 
have been already described. When cut intoslices, and sub- 
jected to gentle pressure, a small quantity of a slightly opaque 
liquor, of a’ saline taste and a peculiar odour, oozes from it, 
which is called the serosity. This fluid has generally been 
considered as holding gelatine in solution; but Dr. Bostock 
has found reason to doubt the accuracy of the opinion ; in 
which conclusion he is supported by Brande, Marcet, and 

Berzelius. 

Mr. Brande coagulated two fluid ounces of serum, and 
digested the coagulum, cut into slices, in four fluid ounces of 
distilled water, which was afterwards separated by means of a 
filter. The liquid, when evaporated to half an ounce, gela- 
tinized on cooling, and was precipitated by an infusion of tan; 
but this effect might equally well be produced by the presence 
of albumen ; and decisive evidence of the presence of the latter 
substance was obtained, by placing some of the fluid in the 


* Thomson’s Annals, iv. 139. ~ + Journal of Science, &e. ii. 246. 
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Voltaic circuit, when a rapid coagulation of albumen took 
place round the negative wire.. After having coagulated, by 
Galvanic electricity, all the albumen of a portion of serum, 
the residuary liquor gave no indications of gelatine. Mr. 
Brande, therefore, infers, that the serosity consists of albumen, 
in combination with a large proportion of alkali.* Drs. 
Bostock and Marcet, on the other hand, could discover no 
albumen in it, but only a matter distinguished chiefly by 
negative properties, which the former therefore termed 
uncoagulable, and the latter muco-extractive matter. 

The serosity,; according to Berzelius, contains no sulphuric 
acid, and only a vestige of the phosphoric; but it consists of 
water, of pure soda holding albumen in solution, of muriates 
of soda and potassa, of lactate of soda, and an animal matter, 
which always accompanies the lactate,+ the two last composing, 
he believes, the muco-extractive matter of Dr. Marcet. ‘The 
solid contents of the serosity, Dr. Bostock finds to vary from 
z;th to A;th of its weight; but on-an average, they may be 
stated at 1th. It has been a subject of controversy,t which 
of the mineral alkalis exists in serum in an uncombined form. 
Dr. Pearson maintains that it is potassa; but Drs. Bostock, 
Berzelius, and Marcet, allege that it is soda; and the evidence 
preponderates in favour of the latter statement. 

When serum is evaporated, at a heat below that required 
for its coagulation, it yields a yellowish semi-transparent mass, 
resembling amber, that splits to pieces in-drying, and amounts 
to about 95 grains from 1000 of serum. ‘This substance 
softens in water, and becomes gelatinous ; and about 36 per 
cent. of its weight are dissolved, and may be passed through a 
filter. The insoluble part is albumen; and much of this 
exists, also, in the filtered liquor, beside the neutral salts, 
which have already been mentioned. 

~The mineral acids coagulate serum so completely, that no 
albumen remains in the serosity.. The insoluble compounds, 
which are produced, exactly resemble those of the same acids 
with fibrin; and the action of alcohol is the same in both 


* Phil. Trans. 1812, + Thomson’s Annals, ii. 201. 
{See Medico-Chur, Trans, ii. 356, 368; and Nicholson’s Journal. vols, 
XXX, XXX1y XXX, | 


ADA: COMPLEX ANIMAL PRODUCTS. CHAP. XIIt. 


cases. Hence’ Berzelius contends, that there is very little 
difference between albumen and fibrin. The only character of 
distinction between:them appears to be, that albumen’ does not 
coagulate Spontaneously, but requires a high temperature ; and 
from this- CC ees it is less rapidly sélublé than fibrin in 
acetic acid. 


The serum site human blood i is Ahptabe according: to Ber- 
zelius, of : 
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Substances scluble in alcohol, viz. 

Muriates of potassa and soda...... she) suka tahoe } 10.0 

Lactate of sodaand animal matter ......0.--4J . 
Substances soluble in water only. , 

Soda, phosphate of soda, and a little animal 
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1000. 


This analysis agrees very remarkably with one of Dr. Mar- 
cet, who obtained the foliowing ingredients. ‘The substance, 
termed by him mwco-extractive matter, is doubtless impure 
lactate of soda; and the sulphate of potassa, and earthy phos- 
phates, were probably formed by the combustion. 

A thousand parts of human serum contain, 


Water avel fo iesein ta aPe locate where arias ae 900.00 


PATOUEION "a8 ws a edt 2 SANs eins . 86.80 
Muriates of potassa and soda .... 6.60 
Muco-extractive matter ........ 4.00 
Subcarbonate of soda .......... | 1.65 


Sulphate of potassa ....4....... 0.95 
Earthy phosphates’ ............ 0.60 


1000. 


Vogel considers sulphur as another constituent of serum 5 
for hie finds that when serum: is ‘kept for some days, at the 
temperature of between 75° and 90° Fahr. a gas exhales from 
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it, which * renders legible ‘characters: written on paper with 
acetate of lead.* This experiment was found to answer with 
the bile'and ‘urine; but it can scarcely be regarded as a proof, 
that the blood contains sulphur as such, or in any state but 
that of intimate combination. The same chemist has endea* 
voured to establish the presence of carbonic acid in blood when 
recently drawn * from*a vein. In two instances, Dr. Traill 
has found a ‘portion of oil, amoufting to 44 per cent, in the 
serum of morbid blood. (Ann. of Phil. N. S. v. 197.) 

The crassamentum or clot is resolvable into two parts, viz. 
what has been called coagulable lymph or fibrin, and red 
globules. ‘The separation may be accomplished by long con- 
tinued washing with water, which dissolves the red globules 
only,’ and leaves the fibrin. Its properties differ scarcely at all 
from those of fibrin obtained by the long boiling of muscular 
flesh. — | : 

Fibrin, as it is contained in the bldod, is held ina state of 
solution, or rather, according to recent observations of Mr. 
Bauer, in the state of very minute white globules. It is still a: 
question to what cause its spontaneous coagulation is owing. 
That it does not arise from the absorption of oxygen, is plain 
from the fact that blood, by exposure to oxygen gas, has its 
coagulation retarded. Hydrogen gas, also, delays its coagu- 
lation; but carbonic acid, nitrous, and nitrogen gases, acce- 
lerate it. In vacuo, Mr. Hunter states that it occurs at the 
usual period: but it is not easy to’ conceive under what cir- 
cumstances such an experiment could be fairly made. When 
intercepted in a living vessel, as by placing ligatures on a vein, 
Mr. Hewson found that blood remained imperfectly fluid for 
several hours. ‘That mere rest is not sufficient to produce its 
coagulation appears, also, from the fact, that the blood conti- 
nues fluid in cases where the circulation is suspended through- 
out the whole system ; as in fainting, and in suffocation from 
drowning and other causes. ' The coagulability of fibrin ‘is 
destroyed, also; without our being’able to explain the fact, in 
animals killed by electricity ‘and lightning: by a blow on the 
stomach; by the poison of the vipér; or’ by violent passions 


_* Ann. de Chim, vol. Ixxxvii. _ + 93 Ann. de Chim, 71. 
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of the mind. In some diseases, on the contrary; its tendency 
to coagulation is greatly increased. 

The red globules of the blood (that part to which its nisin 
colour is shins were first attentively observed and accurately 
described by Mr. Hewson. As their name imports, they have 
a globular figure, which is sufficiently visible with the aid of 
the microscope. The diameter of these globules is from 
1-6000th to 1-4000th of an inch. ‘They appear to dissolve 
readily in water, and tinge it with their own peculiar colour ; 
but Dr. Young finds that the globule remains entire, though 
colourless. ‘They are soluble in alkalis, acids, and alcohol, 
but not in the serum. ‘The watery liquid turns syrup of 
violets green ; and, after some time, deposits a flocculent 
precipitate, doubtless from the coagulation of albumen, the 
presence of which is indicated, also, by the effect of boiling 
the solution. It seems to consist of albumen, dissolved by 
an excess of pure soda. When evaporated and calcined in a 
crucible, a residuum is obtained, amounting to about +) of 
the weight of solid matter, and composed, according to Four- 
croy and Vauquelin, chiefly of sub-phosphate of iron. 

It has been contended that the red colour of the blood is 
owing to the iron which it contains, but this opinion has been 
rendered extremely questionable by the experiments of Mr. 
Brande. LBerzelius, indeed, had found that a quantity of oxide 
of iron exists in the ashes of the colouring matter; while none, 
or at least an infinitely small portion, is afforded by the other 
ingredients of blood. He cut the crassamentum into thin 
Hees and placed them on blotting paper; and after this had 
ceased to draw out any moisture, he dried the slices. Four 
hundred grains of the dried substance left, after incineration, 
5 grains of ashes, which were composed (supposing 100 to have’ 
been operated on) of | 


Oxide OF ILD: « s's:5. 4,00 0.6, 0)6i4 so ain tne medine plevels sip 
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The iron in the colouring matter is not, Berzelius admits, in 
such a state, as to be capable of being detected by the nicest 
tests of that metal, until the composition of the colouring 
matter is destroyed by combustion. Nor is there any truth — 
in the synthetic proof alieged by Fourcroy, that subphosphate 
of iron dissolves in albumen, and imparts to it a bright red 
colour, resembling that of blood. 

To procure the colouring matter of blood in a detached 
state, Mr. Brande employed venous blood, stirred during its 
coagulation. The fibrin is thus removed; and the colouring 
matter is diffused through the serum, from which it gradually 
subsides in a very concentrated form. It retains, indeed, some 
serum; but this does not interfere with the effects of various 
agents upon the colouring principle. 

The aqueous solution has a bright red colour, and is not 
very prone to putrefaction. It is not altered by any tempera- 
ture below 190° or 200° Fahr.; but, at higher temperatures, 
it becomes turbid, and deposits a pale brown sediment. If 
the fluid be poured upon a filtre, water passes through colour- 
less ; so that exposure to heat destroys the solubility of colour- 
ing matter. | 

Diluted sulphuric and muriatic acids, and acetic, oxalic, 
citric, and tartaric acids, dissolve the colouring matter, and 
extract it from the crassamentum. The solution has more or 
less of a scarlet hue, according to the acid employed; but it 
is always green, when viewed, in narrow tubes, by transmitted 
light. Nitric acid destroys the red colour, and converts it to 
a brown. 

The pure and carbonated alkalis dissolve the red matter, 
the colour of which remains unimpaired. The solution in 
liquid ammonia approaches nearest to scarlet. When these 
solutions are supersaturated with muriatic or sulphuric acids, 
the liquid acquires a colour, similar to the original solution of 
the colouring matter by those acids. 

Alumina cannot be brought to form a permanent red com- 
pound with the colouring principle of the blood. But when 
the colouring matter is left to stand a few days, in contact 
with a solution of the crystallized muriate of tin, a bright red 
powder precipitates, which is a combination of the colouring 
matter with oxide of tin. When kept in water, it sustains no 
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change of colour; but when dried by exposure to air, it loses 
- its brilliant tint, and assumes a dull red hue. 

The most effectual mordaunts, which Mr. Brande discovered 
' for the colouring matter, are solutions of mercury (especially 
the nitrate) and corrosive sublimate. When either of those 
salts was added to a watery solution of the colouring matter, 
a deep red compound was deposited, and the liquid became 
colourless. Woollen cloth, also, first impregnated with these 
solutions, and then dipped into the’ aqueous solution of colour- 
ing matter, acquired a permanent red dye, unalterable by 
washing with soap. 

It appears, therefore, that the colouring principle of the 
blood is an animal substance of a peculiar nature, susceptible, 
like the colouring matter from vegetables, of uniting with 
bases, and admitting, probably, of important use in the art of 
dyeing. On examining the colouring matter, distinctly from 
_the crassamentum, Mr. Brande did not discover a greater 
proportion of iron, than in the other principles of blood ; and 
the theory may, therefore, be considered as completely set 
aside, which accounts for the red colour of the blood by the 
presence of iron. 

The conclusions of Mr. Brande have been lately confirmed 
by Vauquelin, who recommends the following method of ob- 
taining, in a separate form, the colouring matter of the blood. 

Let the coagulum of blood, well drained upon a hair 
sieve, be digested in four times its weight of sulphuric acid 
diluted with a double proportion of water, at the temperature - 
of 160° Fahr., for five or six hours. Filter the liquor while 
yet hot, and wash the residuum with a quantity of hot water, 
equal in weight to the acid which has been employed. Con- 
centrate the liquor to half its bulk; then add pare ammonia, 
till there remains only a slight excess of acid. After having 
agitated the liquor, allow it to stand, and a purple sediment 
will be deposited. ‘This sediment is to be washed with distilled 
water, till the washings cease to precipitate the nitrate of 
baryta. It may then Ue drained on filtering paper, and dried 
at a very gentle heat. 

When dry, it is destitute of taste and smell. It resembles 
jet in colour, fracture, and lustre. When moistened with 
water, it assumes a wine red colour, but does not dissolve in 
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that fluid. In acid and alkaline liquids, it readily dissolves, 
and communicates to them a purple colour. Its acid: solu- 
tions are not precipitated by gallic acid or by prussiate of 


potassa, thus proving the absence of iron. Infusion of galls, 


however, precipitates it without any change of colour. It is 
soluble in diluted nitric acid, without being discoloured, nor 
is this effect produced by nitrate of silver ; but it is completely 
discoloured by nitrate of lead, which throws down a brown 
precipitate.* : 

In opposition to these experiments, it is still maintained by 
Berzelius, that the colouring matter of the blood contains 
iron, not indeed discoverable by re-agents, but decisively 
proved to exist in its ashes. In every respect, except in con- 
taining that metal, the colouring matter of the blood agrees 
with fibrin and albumen, and he seems disposed. to believe 
that its colour, though not depending on the presence merely 
of an oxide of iron, may be produced by a compound of which 
that oxide is an essential part.} 


It is doubtless on the red globules of the blood that the dif- 


ferent gases act, which produce such remarkable changes in- 


the colour of the entire fluid. Nitrogen gas blackens arterial 
blood, and, according to Girtanner, venous blood also. In 
an experiment of Dr. Priestley, it appeared that-the bulk of a 
quantity of nitrogen gas, to which arterial blood was exposed, 
sustained a diminution. Blood, which has had its colour thus 
impaired, it was found by the same philosopher, may be 
restored to its bright florid hue, by agitation with oxygen gas; 
and these changes may, at pleasure, be repeated alternately. 

Oxygen gas, to which blood is exposed, is diminished in 
volume, and contaminated by carbonic acid. Atmospheric 
air undergoes the same change in consequence of the oxygen 
which it contains, but in a less remarkable degree. 

Similar alterations are, also, constantly going on in the 
blood, during its circulation through the living body. In the 
veins it is of a dark red colour, inclining to purple. . In this 
state it arrives at the right ventricle of the heart, by the con- 


Xx 


* Ann. de Chim. et Phys. i. 9; or Thomson’s Annals, vill. 230. 
‘+ Ann. de Chim, et Phys, v. 42. 
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traction of which it is driven into the pulmonary artery. This 
artery is distributed, by extremely minute ramifications, over 
the whole surface of the air-cells of the lungs; and, in these, 
the blood is exposed to the action of atmospherical air, through 
the slender coats of the blood vessels. Here it acquires a 
bright vermilion colour; aad, returning to the left ventricle 
of the heart by the pulmonary veins, it is distributed, by the 
contraction of this ventricle, through the whole body. In its 
course it loses its florid colour, and, after traversing the system, 
returns to the lungs, to be once more fitted for the biden 
ance ofits functions. , 

The function of RESPIRATION consists of two distinct actions, 
that of inspiration, by which the air is drawn into the lungs; 
and that of expiration, by which it is expelled, after having 
served the purpose for which it was inhaled. By an easy 
natural inspiration, about twenty cubic inches may, perhaps, 
on an average, be the quantity taken in. It appears, from the 
experiments of Messrs. Allen and Pepys,* that the same 
quantity is expired, with little if any diminution of volume. 
Atmospheric air, after being once only admitted into the lungs, 
returns charged with 8 or 84 per cent. of carbonic acid gas. 
If the same portion be breathed repeatedly, considerable un- 
easiness is experienced; but the quantity of carbonic acid 
cannot be increased beyond 10 per cent. The proportion, 
however, which is produced by the same individual, is liable to 
some variations, which have been described by Dr. Prout. 
(Ann. of Phil. xiii. 269.) When the state of the expired air 
is examined by eudiometrical tests, a quantity of oxygen is 
found to have disappeared, equal in volume, according to the 
experiments of the same accurate chemists, to the carbonic 
acid which has been formed. Now as carbonic acid has been 
proved to contain exactly its own bulk of oxygen gas, it would 
follow that all the oxygen, which disappears in respiration, 
~must have been expended in forming this acid; and that no 
portion of it has united with hydrogen to form water. It may 
still, however, be doubted whether the oxygen is absorbed 
through the coats of the vessels, and displaces carbonic acid, 
which may be supposed to have pre-existed in the blood; 


* Philosophical Transactions, 1808, 
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or whether this acid be not rather generated by the union of 
the inspired oxygen with the carbon of that fluid. Of the 
two suppositions, the latter appears to be the most probable. 

The only change, then, proved by the experiments of Allen 
and Pepys, to take place in respired atmospherical air, is the 
removal of a certain quantity of oxygen (its nitrogen being 
wholly untouched), and the substitution of a precisely equal 
volume of carbonic acid gas. When, however, pure oxygen 
gas is respired by an herbivorous animal, they found that it 
could not all be traced into this combination; but that a_ 
portion of oxygen disappeared, and was replaced by a corre- 
sponding quantity of nitrogen.* ‘The addition of nitrogen 
appeared to be made, also, when a mixture of hydrogen and 
oxygen gases was breathed, the latter being in the same pro- 
portion as in atmospherical air. ‘This mixture, it was found, 
may be respired for an hour without inconvenience. These 
observations, however, though there can be no doubt of their 
accuracy in the particular cases in which they were made, do 
not agree with the results of other experiments, which tend to 
prove that there is sometimes an exhalation of azote from the 
lungs during healthy respiration, and sometimes an absorption, 
while in other cases its quantity .emains unaltered. The 
equality, also, between the oxygen that is absorbed, and the 
carbonic acid evolved, has been found by Dulong to be by no 
means constant, but that the carbonic acid produced does not 
exceed, in some cases, one-third or one-half the oxygen which 
disappears. (See an Essay on this subject by Dr. Edwards, 
Ann. de Ch. et de Phys. xxii. 35.) 

Besides carbonic acid, a portion of watery vapour is emitted 
from the lungs, and in a quantity sufficient to be visible when 
the atmosphere is of a low temperature. From various 
experiments, it may be inferred to amount to about three 
grains in a minute. The water thus exhaled, may either be 
generated in the lungs, by the union of the inspired oxygen 
with the hydrogen of the bleod; or it may be nothing more 
than the condensed vapour of a portion of that fluid, which is 
ordinarily secreted into the bronchial cells. 

_ An important purpose of the function of respiration is, that 
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it contributes to that equable temperature, which the animal © 


body preserves, amidst all the changes in the surrounding 


medium. This is peculiarly the property of living matter. 


_for all other bodies have the same degree of heat with the 
~ substances that aréin contact with them. In the human body, 
the temperature varies only a very few degrees from 96°, 
whether it be exposed to a cold of many degrees below the 
freezing point; or whether it be surrounded ie an atmosphere, 
little ear of the heat of boiling water. There must, then, 
be certain processes in ‘the animal economy, by which, in the 
former case, caloric is reduced from a latent form to that of 
temperature; and, in the latter case, by which the great 
excess of caloric is absorbed, and prevented from becoming 
injurious by its accumulation. 

Weare ignorant of those precise differences, which consti- 
tute the distinction between venous and arterial blood, or in 
what ‘way the function of respiration converts the former into 
the latter. A fact, however, of considerable importance, on 
this subject, was supposed to have been ascertained, by Dr. 
Crawford, namely, that the capacity of arterial blood for 
caloric is superior to that of venous blood, in the proportion 
of 1030 to 892. . When, therefore, arterial blood is converted 
into venous, a considerable quantity of caloric must pass from 
a latent to. a free state, and must prove an abundant source of 
temperature. Now this is precisely what is constantly taking 
place in the body. Caloric is evolved by the combination of 
the inspired oxygen with carbon; but as the capacity of blood 
for caloric is, at the same time, enlarged, its temperature is not 
raised by being thus arterialized.. In its progress through the 
system, the blood again suffers a diminution of capacity ; and 
the caloric, which it had carried in a latent form to the re- 
motest extremities, is extricated, and applied to the support of 
animal temperature. ‘This theory explains why the heat is not 
_ excessive in the lungs, but is equally distributed over the whole 
body.. In animals, placed in a high temperature, Dr. Craw- 
ford added the important fact, that the change of arterial into 
venous blood does not go on; and no addition of temperature 
is, therefore, derived from this source. Another cause, limit- 
ing the heat of the body under such circumstances, is the 
excessive evaporation which takes place from the surface of the 
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skin, and which is indicated by’a loss of weight of no inconsi- 
derable amount.* Subsequent experiments, however, by Dr. 
‘Jobn Davy, have rendered it very doubtful whether any such 
_relation between the specific heats of arterial and venous blood, 
as that pointed out by Dr. Crawford, really exists; and his 
observations rather accord with the theory of Black, that 
animal heat is produced in the lungs, and is distributed over 
the whole system by means of the arterial blood. Consistently 
with this explanation, the temperature of the blood in the 
carotid artery was found to exceed that in the jugular vein 
from 1.5 to 2degrees. (Phil. Trans. 1814.) 

It is not in the lungs only that the blood exerts an action 
on atmospherical air; for a similar function, it appears, belongs 
to the skin throughout the whole body. If the hand be con- 
fined in a portion of atmospherical air or oxygen gas, it has 
been ascertained that the oxygen disappears, and is replaced 
by a portion of carbonic acid. At the same time, a consider- 
able quantity of watery fluid transpires, and may be collected 
by a proper apparatus. 

The blood is subservient to various important uses in the 
animal economy. It is a source, from which are constantly 
prepared a variety ef other substances, both solid and fluid, 
that are essential to our well being, and even to our existence. 
From the blood is derived the solid matter of the bones them 
‘selves; it does not, however, exist in the blood in the state 
of sub-phosphate of lime or bone earth; but appears to be 
produced, from the ultimate elements of blood, on the very 
spot where its presence is required.+ The muscles, which are 
affixed to the bones, and which, acting as levers, enable us to 
change our situation at pleasure, are referrible to the same 
source; and so also is all the variety of animal fluids, which 
perform a necessary part in the economy of this complicated 
machine. ‘The solids and fluids, thus produced, are some- 
times elaborated by complicated organs called glands, and are 
then termed secretions. A sufficiently exact and comprehen- 
sive knowledge of the business of secretion would have been 
attained if we were able to discover, in the secreted solids or 


* Nicholson’s Journal, xvii. 215. 
+ Berzelius’s Animal Chemistry, p. 19. 
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fluids, substances analogous to those which are found in the 
blood, and no others. But in many secretions we find prin- 
ciples bearing no resemblance to albumen, fibrin, of any of 
those fluids that form the proximate elements of the blood. In 
these cases, nature must have gone farther in the work of sepa+ 
ration; and, after disuniting the ultimate principles of the 
blood, have re-combined them in a new manner and in dif- 
ferent proportions. ‘This is a species of synthesis; which 
we have hitherto not been able to imitate in substances of the 
animal kingdom, and in very few instances even in vegetable 

products. 
oe tei 
SECTION II. 


Of the Secrétions subservient to Digestion; viz. the Saliva, the 
Gastric and Pancreatic Juices, and the Bile. 


Sauiva is a liquid secreted by certain glands, and poured 
into the mouth, for the purpose of being mixed with the food 
during mastication. It is a slightly viscid liquor, of a saltish 
taste, destitute of smell, and of a white colour, or with a 
slight tinge of blue. Its specific gravity, according to Haller, 
is as 1960 to 1875, or, according to Siebold, as 1080 to 1000. 
The latter author has compared its consistence to that of a 
solution of one part of gum in forty parts of water. It is 
neither acid nor alkaline, and has therefore no effect on blue 
vegetable colours. Its quantity varies considerably. Nuck 
has estimated it at eight or ten ounces daily; and, during a 
mercurial salivation, several pints flow in the same interval. * 

Saliva, when evaporated by a gentle heat to dryness, yields 
only a very small proportion of dry extract in thin semi- 
transparent plates : if the process be stopped when about a 
third only remains, crystals of muriate of soda are formed. 
Exposed to the air, it appears to absorb oxygen, and becomes 
of a thicker consistence, whitish flocculi. at the same time 
separating from it. , | 

There is some difficulty in ised the diffusion of saliva 
through water ; but this may be petatieli hen by rubbing the 

two fluids together in a mortar. The solution, which is thus 


Bs iether Syeténne; Ato. vi 268. 


SECT. Ile | GASTRIC JUICE. 435 


obtained, was subjected to the action of tests by Dr. Bostock. * 
Bichloride of mercury produced no immediate effect; but, 
after some hours, a light flocculent coagulum separated, leaving 
the liquid nearly transparent. The same test produced a still 
less striking effect in the filtered portion of some saliva, which 
had been several days exposed to the atmosphere. Infusion 
of galls precipitated white flakes, from the recent but not from 
the filtered liquor. The filtered fluid was copiously precipi- 
tated by Goulard’s extract, and by nitro-muriate of tin. 
From these experiments, Dr. Bostock infers, that saliva con- 
tains coagulated albumen, and also a quantity of mucus and 
muriate of soda, but no gelatine. To the quantities of each, 
he considers the following as an approximation : 
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Berzelius has lately published a more exact analysis of 
saliva. Its constituents are | 
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When exposed to the agency of galvanic electricity, Mr, 
Brande has found that saliva, even after being first boiled.in 
water, gives an abundant coagulation, and a separation of 
alkali round the negative pole, though neither acids, nor any 
of the common agents, showed the presence of albumen. 
Heiice it appears that this substance may form part of an 


* Nicholson’s Journal, xiv. 147. + Thomson’s Annals, iii. 25. 
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animal fluid, and yet not be discoverable by the common tests. 
In saliva Mr. Brande supposes that it is united with an alkali 
(probably soda) which, in this state of combination, ees its 
property of affecting vegetable colours.* 

The Gasrric JuIce is a fluid which is poured out upon the 
inner surface of the stomach, and is possessed of very extra- 
ordinary powers asasolvent. One of the great obstacles to 
an accurate analysis of it is the difficulty of procuring it suffi- 
ciently pure, and free from admixture with the contents of 
the stomach. It has been generally collected from animals, 
which have been kept, for some time before being killed, 
without food. In this state, it is a transparent liquor, having 
a saline and somewhat bitter taste, and containing neither 
uncombined acid nor alkali. It precipitates nitrate of silver; 
and, when evaporated, gives a solid residuum, which is deli- 
quescent, and has an unpleasant smell. By the action of acids, 
a small proportion of albumen is discoyered in it, and gelatine 
or mucus remains in solution. Vauquelin always found phos- 
phoric acid in the gastric juice of herbivorous animals, whilst, 
on the other hand, that of man and carnivorous animals 
seldom gave any visible traces of free acid or alkali. The 
contents of the stomach, however, during the process’ of 
digestion, are almost always acid, and the particular acid, it 
has been shown by Dr. Prout, (Phil. Trans. 1824, p. 45.) is 
the muriatic, which exists not only in combination, but in a 
free state. In severe cases of dyspepsia this acid is sometimes 
ejected from the stomach in considerable quantity. 

This imperfect account of the properties of the gastric juice 
affords, it must be confessed, no explanation of the solvent 
power, which it exerts on all animal and vegetable sub- 
stances. Even out of the body it appears, from the experi- 
ments of Spallanzani, to retard the putrefaction of animal 
substances, and to reduce them to a state somewhat similar to 
that in which they are found after having been some time in 
the stomach. On substances taken into that organ its solvent 
power is even still more remarkable. In Dr. Stevens’s 
experiments, hollow silver spheres, perforated with small 
holes and containing animal and vegetable food, were swal- 
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lowed by a man who possessed the faculty of doing this with- 
out injury, and with the result that the food was always 
dissolved, and the vessel voided in an empty state. After 
death, it appears from the observations of Mr. Hunter, that 
the stomach itself is sometimes eroded by the gastric juice, 
large holes having been found in it from the action of that 
fluid. These facts, as well as the power of the gastric juice in 
coagulating milk, which in all animals appears to be the 
characteristic property of the gastric juice, are quite inex- 
plicable on any known chemical principle. 

The contents of the stomachs of animals feeding exclusively 
on vegetable food, even when about to pass the pylorus, and 
apparently fully digested, exhibit no traces of albumen. ‘This 
change, Dr. Prout observes, requires the action of the pan- 
creatic and biliary fluids, and is not distinctly visible till the 
food has passed some distance into the duodenum. Digestion, 
therefore, though begun in the stomach, is only imperfectly 
performed in that organ. 

The paNcREATIC JUICE has not been examined with any 

attention. ‘The only observations which we possess respecting 
it, are those of Dr. Fordyce. He found it to be a colourless 
liquid, slightly saline to the taste. By evaporation, muriate 
of soda was obtained, and the same sait was indicated also by 
nitrate of silver. Hence we may conclude it to be analogous 
in composition to the saliva. 
. The Brx# is one of those fluids, which has attracted pecu- 
liarly the notice of chemists, and which is, therefore, better 
understood than most others. It is to the labours of Fourcroy, 
and still more recently of Thenard,* who has published two 
memoirs on the bile, that we are chiefly indebted for our 
knowledge of its composition. 

The bile of the ox, from the greater quantity of it which 
may be procured, has been mostly the subject of experiment. 
Its colour is commonly yellowish green, and very rarely deep 
green. When mixed with syrup of violets or infusion of 
turnsole, it produces no other change than what any other 
liquid of the same colour would effect. Its taste is bitter and 
at the same time sweetish, and excessively nauseous. Its 


* Mémoires d’Arcueil, vol. 1. 
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smell is peculiar; and something like that of melted fat. Its 
specific gravity is 1026; its consistence variable, from that of 
a thin mucilage to that of synovia. Sometimes it is limpid, 
and, at others, contains flocculi of a yellow matter, which may 
easily be separated by water, evi 

When submitted to heat, ox-bile first deposits a portion of 
coagulated matter, and yields a liquid, which has the peculiar 
smell of bile, and which throws down a white precipitate from 
acetate of lead, The solid residuum has a yellowish green 
colour; is very bitter; somewhat deliquescent ; and entirely 
soluble in water and in alcohol. It melts at a moderate heat, 
and is decomposed by a still stronger one, the products being 
more oil, and less carbonate of ammonia, than from animal 
matters in general. A very bulky coal containing several 
neutral salts remains in the retort. The salts extracted from 
this coal, taking them in the order of their quantities, are 
muriate of soda, phosphate of soda, phosphate of lime, and 
sulphate of soda. ‘Traces, also, are discovered of oxide of 
iron. : 

The uncombined soda in bile does not exceed =1, its 
weight; and as this very minute quantity of alkali must be 
quite incapable of dissolving the large proportion of resin, 
which exists in that fluid, Thenard was induced to turn his 
attention to the discovery of some other solvent of resin, 
existing as a component of bile. Acetate of lead (the common 
sugar of lead of commerce) precipitates, he found,. not only 
the resin, but the peculiar substance of which he was in search, 
in union with oxide of lead. But an acetate with a larger 
proportion of base (formed from eight parts of sugar of lead 
and one of litharge) produced a different effect; and precipi- 
tated only the albumen and the resin. When the remaining 
liquid was filtered, and the lead separated by sulphureted 
hydrogen gas, it gave, on evaporation, a residue, having less 
bitterness and considerably sweeter. In this state, the solvent 
of the resin could not-be. considered as pure, since it retained 
in solution a quantity of acetate of soda, arising from the 
decomposition, by the acetate of lead, of the salts of soda 
existing in the bile: He again, therefore, precipitated the. 
solution by acetate of lead saturated with oxide, and obtained 
an insoluble compound of the peculiar matter and oxide of 
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lead. This was dissolved in vinegar, the oxide of lead sepa- 
rated by sulphureted hydrogen, and the acid expelled by 
evaporation. 

The substance, to which Thenard has given the name of 
picromel, possesses the property of rendering the resin of bile 
easily soluble in water. Three parts are sufficient to one of 
the resin. The characters of picromel are, that it is insoluble 
in water and alcohol, and incapable of being crystallized 5 
that it precipitates nitrate of mercury and acetate of lead with 
excess of oxide; and that it forms, with resin and a minute 
quantity of soda, a triple compound, which is not decom- 
posable by acids, nor by alkaline or earthy salts. Chevallier 
has shown that it exists in human bile taken from the gall 
bladder after death, but he could not detect it in bile dis- 
charged by vomiting. (Ann. de Chim. et Phys. ix. 400.) It 
has been analyzed by Dr. ‘Thomson, who obtained products 
indicating 5 atoms of carbon + 3 of oxygen + 1 of hydrogen. 
(Ann. of Phil. xiv. 70.) 

The resin is to be considered as the cause of the smell, and, 
in great part, of the colour and taste of the bile. It is solid; 
very bitter; and, when pure, green, but when melted it passes 
to yellow.: It is soluble in alcohol and in pure alkalis, and is 
precipitable from the former by water, and from the latter by 
acids. 

The yellow matter appears to be peculiar to the bile, and 
to possess characters distinct from those of other animal sub- 
stances. Its presence seems to render the bile putrescent ; 
and it is, also, the source of the concretions, which form in 
the gall bladders of oxen. Insoluble by itself, it becomes 
soluble by the intervention of soda, resin, and picromel; and, 
whatever be the solvent, it is precipitated by acids.—In the 
analysis of bile, the first step was to separate this yellow 
matter, by adding nitric acid, and to free it from the portion 
of resin which adheres to it, Into the remainder, acetate of 
lead with excess of oxide (prepared as already directed) was 
poured, and an insoluble compound was formed, consisting 
of oxide of lead and resin, from which nitric acid detached 
the latter in the state of soft green flakes. Sulphureted 
hydrogen was then passed through the liquid, which was 
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separated by filtration from the precipitate and evaporated 
to dryness. Deducting, from its weight, that of the acetate 
of soda formed by the decomposition of acetate of lead, the 
weight of picromel was obtained. The saline ‘substances 
were determined by calcination, lixiviation, and other com- 
mon processes. i 

In this way, the composition of ox-bile was determined as 
follows: 


Water .e'0,5 0s + anunie sities 700s, 07. lithle more 
PRG: 0 lint Big a aha he eae ds 
Picrome) :; sictsisieis die ape tala 

Yellow matter.......... variable—in this case 4. 
OTA te ce ae sds ey 

Phosphate of soda ...... 2. 

Mau riate of S008 vere wine esate bed 

Sulphate of soda........ 0.8. 

Phosphate of lime ...... 1.2 

Oxide Of iron. oie eseteees see & (race. 


800. 


The bile of the dog, the sheep, the cat, and the calf, was 
found on analysis to be precisely similar to that of the ox. 
The bile of the pig, on the contrary, contained neither albu- 
men, yellow matter, nor picromel. It consisted merely of 
resin in great quantity, of soda, and of salts, the nature of 
which ke not yet been ascertained. It was entirely decom- 
posed by acids, and even by the weakest, the acetic. 

Berzelius denies the presence of resin in bile,* and asserts 
that it is not possible to repeat the analysis of that fluid, by 
the processes which Thenard has described. ‘The substance, 
he alleges, which, in bile, resembles resin, is precipitable by 
acids; and the precipitate is a compound of the acid em- 
ployed with the green colouring matter of bile. When we 
use sulphuric acid ean heat, a green liquid is obtained resem- 
bling a resin; and after saturating the acid with carbonate of 


*71 Ann. de Chim, 220. 
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baryta, the green matter is soluble. in water, to which it im- 
parts its own colour and bitterness. This is the characteristic 
ingredient of bile, which Berzelius calls biliary matter. He 
finds bile composed of. . 
WAT 60 ec ced ore eee e tee dette dete OTE 
Biliary Matter......cceerddedsovddedestate ors ‘80,0 
Mucus of the gall bladder ................ 3.0 
Alkalis and salts common to all animal fluids 9.6 


1000. 


The bile of birds contains a large quantity of albuminous 
matter. The picromel, which is extracted from it, is not 
sensibly sweet; but on the contrary has a sharp and bitter 
taste. It contains a mere trace of soda, and does not precipi~ 
tate the super-acetate of lead. 

Human BILE was, also, an object of Thenard’s researches ; 
and his experiments, he is of opinion, have led him to as 
accurate a knowledge of it, as of any other species.—Its colour 
varies considerably; sometimes it is green, almost always 
brownish yellow, and sometimes it is without colour. Its taste 
isnot very bitter. It is seldom perfectly limpid; for it gene- 
rally holds suspended in it a certain quantity of yellow matter, 
which is sometimes even present in such quantity, as to render 
the bile clotted. When it is filtered, and submitted to a boil- 
ing heat, it becomes thick and emits the smell of white of egg. 
eeaporien to dryness, it affords an extract, which is equal 
to -1-th the weight of the bile. This extract, by calcination, 
affords precaals the same salts as are found in ox-bile, viz. 
~uncombined soda; muriate, sulphate, and phosphate of soda ; 
phosphate of lime; and oxide of iron. 

All the acids decompose human bile, and precipitate from. 
it alarge quantity of albumen and of resin. ‘These may be 
spaitated from each other by alcohol. By the application of 
acetate of lead, no picromel can be discovered ; nor is any 
other ingredient found in human bile than yellow matter, albu- 
men, resin, and saline substances. ‘The. proportions, ascer-' 
tained by Thenard, are the following : 
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The yellow matter appears to be, in every respect, similar 
to that of ox-bile. The resin is yellowish; very fusible; very 
bitter, but less so than that of ox-bile; soluble in alcohol, 
from which it is precipitated by water ; and soluble in alkalis, 
from which it is thrown down by acids. In water it appears 
scarcely to dissolve; and yet sulphuric and nitric acids occa- 
sion a precipitate from water which has been digested on it. 

If bile be submitted to the action of galvanism, Mr. Brande 
has found that coagulation takes place at the negative pole, 
where soda also appears. At the AERA pole, muriatic and 
phosphoric acids are evolved. 

~The substance of the liver of the ox has been analyzed by 
Braconnot, but as there is nothing particularly important in 
the results, I content myself with referring to them. (Quar- 
terly Journal, vil. 388.) | 7 

Bittary caLcutt. The composition of biliary concretions 
differs in different animals. ‘Those of the ox contain traces 
of bile, which is removable by the action of water, after 
which they are entirely destitute of taste and smell. Their 
colour is a yellow of so much beauty as to render them a va- 
luable pigment. ‘They undergo no change at a heat below 
redness: but at this temperature they melt and swell, and 
after yielding the usual animal products, give about one-sixth 
their weight of a white matter which is phosphate of lime. 


* These are the numbers given by Thenard (Mémoires d’ Arcueil, i. 57 ;) 
but as their sum exceeds 1100, it is probable that the error will best be cor- 
rected by reducing the proportion of water, 
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They are nearly insoluble both in water and in alcohol; and 
with some difficulty in alkalis, from which they are precipi- 
tated, in green flocculi, by acids. Boiling muriatic acid takes 
up only a small quantity, and renders them green. Hence 
they appear to be homogeneous; and to possess properties 
identical with those of the yellow matter of the bile of oxen, 
and of human bile. 

The calculi of the human gall-bladder have been more 
attentively examined than those of the ox. It had been long 
known that they enter into fusion at a low temperature, and 
that the alkalis, and the fixed and volatile oils, effect their so- 
* lution. One of their distinctive characters was first pointed 
out by Poulletier de la Salle, viz. that of being soluble in 
boiling alcohol, and precipitable, on cooling, in the form of 
shining scales, Fourcroy afterwards discovered several im- 
portant facts respecting them, and especially their resemblance 
to the substance which has been already described under the 
name of adipocire.. 

Of the calculi examined by Thenard, only a small number 
were formed of white plates, crystalline and shining, and. 
entirely adipocirous. Many consisted of yellow lamine con- 
taining from 88 to 94 per cent. of adipocire, and six or twelve 
of a colouring substance. A few were greenish on the oute 
side, and yellow -in the interior; several were covered, in 
spots at least, with a blackish brown crust, containing very 
little adipocire, but internally were like the rest. In all, ex- 
cepting the perfectly white, there were traces of bile, discovera- 
ble by the action of water.—Calculi from the intestines were 
found to be similar to those of the gall-bladder. 

It was, therefore, concluded by Fourcroy, that some of the 
calculi of the human gall-bladder consist entirely of adipocire ; 
and that others are composed of the same substance, with the 
addition of a quantity of colouring matter, which is either 
yellowish or dark brown. When of the former colour, it 
appears not to differ from the yellow matter of the bile; and 
when of the latter, to be the same substance with an excess of 
carbon. 

Chevreul, however, has given to the crystalline sesioe of 
biliary calculi the name of cholesterine, because it differs both 
from spermaceti and from adipocire in not being capable of 
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affording a soap with alkalis. He has found, also, that when 
heated with an equal weight of strong nitric acid, a peculiar 
acid is formed, which he terms the cholesteric. This acid 
separates on cooling in the form of a yellow substance. It is 
scarcely soluble in water, but dissolves in alcohol, and may 
be crystallized by evaporation. The salts, which it forms 
with potassa, soda, and ammonia, are very soluble; with 
other bases it gives compounds which are difficultly soluble. 
By aheat above that of boiling water, it is decomposed.* 
Chevreul has since ascertained the presence of cholesterine 
in the bile of nine persons of different ages, one of whom 
had been killed by a fall when in perfect health. It was 
accompanied by margaric and oleic. acids. (Quart. Journ. 
Kviil. 403.) 

Eritrogene. In the gall-bladder of a person, who had died. 
while labouring under jaundice, M. Bizio found a fluid — 
possessing none of the characters of bile. The part, insoluble - 
in water, being boiled in alcohol, gave a solution which yielded 
rhomboidal crystals of an emerald green colour, tasteless, and 
having the odour of putrid fish. The sp. gr. of this substance 
is 1.57; it fuses at 110° Faht., appearing like an oil which 
becomes solid on cooling. Heated up to 212°, it volatilizes, 
giving a purple vapour, from whence its name. It has several 
other remarkable properties, for which, as it has hitherto been 
recognized in only one instance, I refer to the Quart. Journ. 
xvi. 173. | 


i 


SECTION IIL. 


Ff Mik, Eggs, and Chyle. 
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Tre milk isa fluid, which is secreted, by animals of the 
class Mammalia, for the nourishment of their young. Though 
differing considerably in the different species of animals, yet 
it admits of the following general description: 

It isan opaque liquid, of a white colour, with sometimes a 
slight tinge of blue or yellow. Its taste is sweetish and grate- 


* Ann. de Chim. et Phys. vi. 401. 
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ful; but varies occasionally, as does its colour also, with the 
food of the animal. Its specific gravity is variable; that of 
cows’ milk according to Brisson,. being about 1020, and that 
of ewes’ milk 1040. bestia 

The milk may be resolved, partly by stegidisies and partly 
by agents that do not essentially alter the nature of its com- 
ponents, into three Pron nals ingredients, the cream, curd, 
and whey, : 

1. The cream rises, as is well known, to the surface of 
milk after it has stood for some hours; and. the proportion 
may be ascertained by a very simple instrument, proposed by 
Mr. Johnson. It consists of a glass tube, 10 inches long, 
graduated into 100 equal parts, into which the recent. milk is 
to be put, for spontaneous separation of the cream.* Cream 
has many of the properties of an oil; is smooth and unctuous 
to the touch; and stains cloth in the same manner as other 
fat substances. By standing for some days, it becomes gra- 
dually thicker, and at length forms a soft solid, in which the 
flavour of cream is no longer perceived, and that of cheese is 
substituted in its place. Cream, of the specific gravity 1.0244, 
is composed, according to Berzelius, of 


Butters. os CGR He Mie a 
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But as 92 parts of whey contain 4.4 of sugar of milk and 
salts, it follows that cream contains 12.5 per cent. of solid 
matter. 

When cream is agitated, as is done by the common process 
of churning, it separates into two parts, a thick animal oil, 
well known by the name of butter, and a fluid which possesses 
exactly the same properties as milk that has been deprived of 
its cream. This change has been supposed to be owing to 
the combination of the cream with the oxygen of the atmo- 
sphere; but it takes place, though perhaps not equally well, in 
vessels from which the air is excluded. 


* Thomson’s Annals, x, 304. 
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Butter has generally a yellow colour anda eoft consistence. 
At the temperature of 96° or 98°, it melts, and when’ kept 
in this state for some time, a portion both of whey and curd 
separates from it. Its transparency is thus increased, but its 
taste, at the same time, rendered less agreeable. In this state, 
however, it may be kept longer without becoming rancid; and 
it is not improbable that it is in part by combination with the 
whey, that salt contributes to the preservation of butter. 
Butter, therefore, may be considered as an animal oil, united 
with a portion of whey and of curd. ‘This oil, according to 
Chevreul, is resolvable into two; the one, soluble in’ all 
proportions in cold alcohol and containing several kinds of 
acid, he calls butirine, because it contains butyric acid or its 
elements, to which fresh butter owes its odour: the other 
agreeing in its ites with elain. (Ann. de Ch. et de Phys 
xxii. 366.) | 

When milk, either deprived or not of its cream, is mixed 
with certain substances, or even allowed to stand till it 
becomes sour, it undergoes a change which is called coagula- 
tion, consisting in its separation into a solid substance termed — 
curd, and a fluid called whey. This change may be effected 
by several agents; by all acids, and by many neutral salts; 
by gum, sugar, and certain vegetable juices; by the gastric 
fluid; and especially by the infusion of the inner coat of a 
calf’s stomach called rennet. The precipitation by acids, 
Scheele has explained, by supposing that they form, with the 

curd, a combination which requires more water for solution 
than milk contains;* and accordingly the curd is found 
always to contain a portion of that acid by which coagulation — 
has. been produced. But, in other cases, the coagulation 
cannot be thus accounted for; and is, indeed, altogether 
inexplicable. Thus the infusion of a piece of calf’s stomach, 
not larger than half.a crown, coagulates a quantity of milk 
sufficient for making a cheese of sixty pounds’ weight ;+ 
although the quantity of caeaatine matter cannot in this case 
exceed a few grains. 

The curd of milk, when slash anita and partly dried, 


composes cheese. In good cheese, however, there is always 


* Essays, p. 267. -°# Holland’s Cheshire Report, p. 268. 
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a large proportion of butter, which is envelopéd in the curd, 
and'is not afterwards easily separable. Curd, therefore, for 
exhibiting its chemical properties, should be preparéd from 
milk, which has been deprived of cream, and should be made 
by the intervention of rennet. It is a white solid stibstance, 
insoluble in water and in alcohol, but readily soluble in pure 
alkalis, and precipitable therefrom by acids, though in a staté 
more like tallow than the original curd. During solution in 
alkalis, a strong smell of ammonia is produced; and hence 
curd appears to be converted, by their action, into volatilé 
alkali and fat. Liquid ammonia also dissolves curd, and’ it 
appears to be soluble by the pure alkaline earths. From the 
resemblance of its properties to those of the coagulated white 
of an egg, Scheele was induced to regard cheese as identical 
with sitet and it is not improbable that if the curd could 
be obtained perfectly pure, thielt properties would exactly 
avree. By the combustion and ealcination of curd, it appears, 
however, to afford a larger proportion: of phosphate of lime 
and other saline sirbaeaniees, than is obtained from the coagt 
lated white of an egg. | 

Berzelius found that the ashes, obtained Hy incinerating 
cheese, amount to 6.5 per cent. of its weight. ‘The ash con- 
sists chiefly of earthy phosphates, with a little pure lime; 
but contains neither alkali nor oxide of iron. Cheese, 
digested with muriatic acid, loses its earthy phosphates, and 
afterwards burns away without leaving any ash. The presence 
of so large a quantity of the earthy phosphates, in. the most 
nutritious part of milk, may be regarded, Berzelius justly 
observes, as a wise provision of nature; and peculiarly adapts 
milk to the nutrition of young animals, in whose economy 
there exists the greatest demand for the ante sie cbt. 
for the purpose of ossification. 

Cheese is generally considered as insoluble in water; but 
if it be precipitated from milk by sulphuric acid, then well 
pressed, and digested with carbonate.of baryta, cheese affords 
with water a yellowish solution resembling a solution of gum. 
The solution boiled in an open vessel becomes covered with a 
white pellicle, precisely as milk does, iit acquires the smell of 
boiled milk. 

Cheese produces, with the mineral acids, the samé combi- 
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nations ‘as.albumen. and ‘fibrin, though its neutral.compounds 
are less soluble ‘than those of fibrin. A great. excess of acetic 
acid is required to dissolve cheese, and the neutral compound 
formed with this acid appears to be insoluble. When it has 
not been completely. separated from, butter, this floats, upon 
the surface of its solution in acetic. acid. . Alcohol, _converts 
cheese into an adipocirous and foetid substance. 

- In:addition to the substances before found in cheese, Pr oust 

ae discovered two, new ones, viz. a combustible acid and a 
combustible oxide, both of which he believes to be the pro- 
duce of the fermentation of the curd. They may be obtained 
as follows :—The curd of milk is to be kept several days under 
water, and then put into a bottle containing water enough to 
cover it a few inches, the mouth being closed by a small plate 
of glass...No gas is evolved; but acetic, phosphoric, and 
caseic acids are produced, all saturated with ammonia, which 
is generated at the same time. The fluid may be withdrawn, 
and replaced by fresh water, when the same changes will go 
on as before. These washings, evaporated in. a silver basin 
and left to stand a few days, solidify into a saline mass slightly 
transparent, and tasting strongly of cheese. The, three salts 
already mentioned are to be dissolved by alcohol, and the 
solution boiled with carbonate of lead. The phosphoric acid, 
forming an insoluble salt, is thus separated; and the mixture 
of caseate and acetate of lead is to be decomposed by sulphu- 
reted hydrogen. The two acids remaining in solution are 
separated from each other by distillation, the acetic only being 
volatile. . 
_ Caseic acid is of the colour and consistence a syrup ; red- 
dens litmus paper; and has. an acid bitter taste mixed with 
that of cheese. .It concretes, on standing, into a granular 
transparent mass like honey. It does not affect lime water, 
muriate of tin, or acetate of lead. It precipitates the oxides of 
silver, gold, and mercury, but not the oxides of metals that 
more strongly attract oxygen. With infusion of galls, it pro- 
duces.a thick white precipitate. Nitric acid converts it into 
oxalic acid, forming at the same time a little benzoic acid and 
some of the yellow bitter principle. 

Caseate of ammonia has a sharp saline bitter taste mixed 
with that of cheese, to which indeed it appears chiefly to 
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communicate flavour. It always contains an excess of seid 
and is not crystallizable. 

The caseous oxide remains after the action of alcohol on the 
saline mass before described, constituting a bulky white 
powder. It is to be purified by washing with water till 
deprived of all cheesy taste; and afterwards by boiling in 
water, filtering, and evaporation, during which the oxide 
forms films on the surface, which are to be separated, washed, 
and dried. It is almost tasteless, soft to the touch, crumbles 
under’ the fingers, and when pressed hard has a peculiar 
greasy feel. It begins to dissolve in water at 140°. Hot 
alcohol dissolves very little, and it separates on cooling in 
crystalline grains. It is insoluble in ether, but disappears 
rapidly in diqdid potassa. 

Caseous oxide occurs frequently in cheese in detached points, 
and forms those small particles which affect the teeth like an 
earthy and dry substance. ‘The oxide and caseate of ammo- 
nia together constitute from 30 to 35 per cent. of good cheese. 
(Quarterly: Journ. vii: 391.) 

~'The whey, or liquid which remains after the separation of 
all the curd, is a thin and almost transparent fluid, of .a 

yellowish green colour and ‘a,pleasant sweetish taste. It still 
contains, generally, a portion: bothyof. curd and of butter; 
the former of which may be separa ‘by a boiling heat, in 
the form of a coagulum. ‘The buttery matter, also, separates 
by heat, especially if the whey bépreviously allowed to become 
sour.* Whey contains, inden its recent state, some 
uncombined acetic acid. Sie 

When whey which has beenieprived, : as much as possible, 
of the butter and curd, is slowly evaporated, it yields the 
substance, already described under the name of sugar of milk. 
Besides this substance, it contains, also, several saline bodies, 
viz. muriate of potassa, phosphates of lime and of iron, and 
sulphate of potassa; and a peculiar animal matter, which gives 
a precipitate with infusion of galls, and affords carbonate of 
ammonia by distillation. Sour whey contains also a peculiar 
acid called the lactic. | | 

From this account of the composition of milk, several pro- 


* Cheshire Report, page 262. 
VOL, II. 2G , 
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perties of the entire fluid may be understood. When fresh 
milk is boiled, its albuminous part is not coagulated into a 
mass like the white of an egg, on account of the large quan- 
tity of water through which it is diffused; but a thin pellicle 
forms on the ‘surface, which, if removed, is immediately 
replaced by another; and thus the whole of the albumen may 
be separated in successive portions. If the pellicle fall to the 
bottom it becomes burnt, and gives the milk a peculiar flavour.’ 

In order to procure'butter from milk, it is not necessary; 
in the first place, to separate the cream; for butter may be 
obtained at once by the churning of milk, and has then the 
name of milk-butter. It is inferior, however, to butter made 
from cream, in consequence of its containing a larger propor 
tion both of whey and of curd. ? | 

Milk is susceptible of the vinous fermentation, and is em- 
ployed, by the Tartars, in making a sort of wine, which they 
call Koumiss.* It is prepared chiefly from mares’ milk, and 
has an agreeable sweetish taste. By distillation, it yields a 
considerable quantity of alcohol. "What is most remarkable 
with respect to this fermented liquor, is that it does not appear 
to owe its origin to the saccharine part of the fluid; for Four- 
croy and Vauquelin have found that milk, after fermentation; 
yields as much sugar of milk as before. 
. There appears to be a considerable difference in the quality 
of the milk of different animals. Human milk is sweeter 
than that of cows; and yields a large proportion of cream; 
but from this the butter cannot be separated by agitation. It 
deposits, also, a part of its curd by mere repose. Asses’ 
milk bears a stronger resemblance to human milk than to any 
other. ‘The cream is but in small quantity, and yields a soft, 
white, and nearly tasteless butter. The curd is so abundant, 
as even to separate on standing, before the milk becomes sour. 
Goat’s' milk yields a remarkably thick and unctuous cream, 
and abounds also in curd. The milk of sheep bears a strong 
resemblance to that of cows, and yields adarge proportion of 
curd of a fat and unctuous kind. Mares’ milk is thin, in- 
sipid, and affords very little cream, from which it is very 
difficult to separate any butter by agitation. 


* 37 Phil. Mag. 6. 
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~The constituents of skimmed cows’ milk are stated by Ber- 
zelius as follows :* 


i helene el tibia oni Ue cd oe 8. 928.75 
Cheese, with a trace of butter...... 28.00 
Saumanok micah tse bite kn UF. a aie S500 
Muriate/of potassaven'. siecle cases ., 2.70 

' Phosphate of potassa......s0-6+. 0.25 
Lactic acid, lactate of potassa, and a 6.00 

trace of lactate of iron } 
|. Earthy phosphates, .....++s.eeee++ 0.30 


1000. 


Of Eggs. 

Eggs have lately been attentively examined by Dr. Prout, 
(Phil. Trans. 1822), in the course of an inquiry into the 
changes that occur during incubation. ‘The specific gravity 
of new laid eggs was found to vary from 1.080 to 1.090. By 
long keeping, they become specifically lighter than water, in 
consequence of the substitution of a quantity of air, for the 
water which escapes through their pores. ‘They suffer also a 
great loss of weight, amounting on an average to little short 
of a grain per day. Of an egg weighing 1000 grains, the 
shell constitutes about 106 grains, the white 604, and the yalk 
290, or thereabouts. | 

Eggs lose a little of their weight by being boiled, and the 
water becomes impregnated with about 0.3 grains of saline 
matter from an egg of common size. This saline fluid is found 
on evaporation to be strongly alkaline, and to contain ‘also 
animal matter, sulphuric and phosphoric acids, chlorine, 
lime, magnesia, and carbonates of those earths, all which 
substances exist both in the white and the yelk. | 

The shell contains about 2 per cent. of animal matter, with 
1 per cent. of phosphates of lime and magnesia, the rest being 
carbonate of lime with a little carbonate of magnesia. Vau- 
quelin found, also, in the burnt shells, traces of iron and 
sulphur. 


* Thomson’s Annals, iil. 27. 
2G 2 
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-. The yelk of the egg, besides the more common ingredients 
of animal fluids, contains a considerable portion of uncom- 
bined phosphorus; which, when the dried yelk is burnt, forms 
a glassy coating of phosphoric acid, that’effectually defends the 
charcoal from combustiou. In the white of egg, which, as 
has been already stated, consists chiefly of albumen, sulphur 
exists in a free state, and by combustion becomes, as Berze- 
lius has remarked, changed into sulphuric acid. The yelk 
communicates to heated alcohol a deep yellow colour, and on 
cooling, crystals of a sebaceous matter are deposited, and a 

-portion of a yellow semi-fluid oil. On distilling off the alcohol, 
the oil may be obtained separate. Jn one instance, the yelk, 
weighing 316.5 grains, contained 170.2 water, 55.3 albumen, 
and 91 yellow oil; but these proportions varied in different 
instances. The proportions of the saline matter, both of 
the white and yelk, to each other, appear-liable, also, to con- 
siderable variation. 


| Of Chyle. 
The chyle has been examined by Mr. Brande, who 


obtained it from the thoracic duct of an animal, about four 
hours after taking food. If taken at a longer interval, it is 
mixed with a greater or less proportion of lymph. When 
unmixed with blood, it has the following properties. 

1. It is an opaque fluid of a perfectly white colour, without 
smell, and having a slightly salt taste, accompanied by some 
degree of sweetness. 

Y. It does not affect the colour of litmus or turmeric, but it 
slowly changes violet paper to green. 

3. Its specific gravity somewhat exceeds that of water, but 
is less than that of blood. 

4, In about tea minutes after being taken from the duct, it 
assumes the appearance of a stiff jelly, which in the course of 
24 hours separates into two parts, producing a firm and con- 
tracted coagulum, surrounded by a transparent colourless fluid. 
Its spontaneous changes, indeed, bear a striking resemblance 
to those which take place in blood. 

The coagulated portion has a closer resemblance to the 
cheese of milk, than to fibrin. It is rapidly dissolved both 
by pure and subcarbonated alkalis, forming pale brown com- 
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pounds. Its solution in liquid ammonia is of a reddish hue. 
The acids throw down a substance intermediate between fat 
and albumen, which an excess of nitric acid redissolves in the 
cold; and sulphuric, muriatic, and acetic acids, by boiling for 
a bee time, also dissolve it. | 

Sulphuric acid, diluted, dissolves the coagulam, unless the 
water be increased to six times the weight of the acid. Al- 
kalis donot precipitate the solution. It is transparent, of a 
pale brown colour, and, after the addition of alkali, is decom- 
posed by infusions of tan. 

When the coagulum is kept some weeks in one part of 
nitric acid, and 15 of water, it is converted into adipocire. 
Muriatic, acetic, and oxalic acids dissolve the coagulum; but 
neither citric nor tartaric acids have any action on it. 

The serous part of the chyle, when heated, becomes slightly 
turbid, and deposits flakes of albumen. The clear liquid, by 
evaporation to half its bulk, deposits crystals, bearing a strong 
resemblance to sugar of milk. ‘They are soluble in 20 parts 
of water at 60° Fahrenheit, or in four of boiling water, and the 
taste of the solution is extremely sweet. By nitric acid, they 
are converted into a white powder, having the properties o 
saccholactic acid, as described by Scheele. 

The destructive distillation of the serous part of chyle 
afforded a minute quantity of charcoal, with traces of phos- 
phate of lime, and of muriate and carbonate of soda. 

From these experiments, it appears that chyle bears a 
striking analogy to milk, not only in its external appearance, 
but in chemical properties and composition. It must be — 
acknowledged, however, that the results, which have been 
described, are not perfectly coincident with those obtained by 
Emmert and Vauquelin, each of whom submitted to analysis 
the chyle of the horse. Emmert was unable to discover the 
smallest trace of sugar of milk; * and Vauquelin found also, 
1st, a large proportion of albumen; 2d, a smaller one of 
fibrin; 3d, a fatty substance, which gives to the chyle the 
appearance of milk; and 4thly, several salts, such as potassa, 
muriate of potassa, aud proto-phosphate of iron. Berzelius, 
also, appears to distrust the analogy between chyle and milk. 

The most recent examinations of the chyle are by Drs. 


* 80 Ann. de Chimie, 81. + 81 Ann, de Chimie, 113. 
t View of Animal Chemistry, p. 74. 
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Marcet and Prout, who compared the chyle from two dogs, 
the one exclusively fed on animal, the other on vegetable food. 
Their results are contained in the following Table. (Ann. of 
Phil. XV. 25, ) 
Vegetable Food. Animal Food. 

WW abe ee oh. ee OR OSB wie Bole 

Fibrin i sihiaw. bo ganng.ete of Paabyine ss 

Incipient albumen?....0 4.6 (.....20. 4:7 

Sugar of milk? ......a trace ........ — 

Oily matter’... ......,.08 trace’) 69.0. vara 

Saline matters U0.) O18. OG ON 0.7 


100. 100. 
——— 


SECTION IV. : 
Of the Mucus of the Nose; the Tears; the Humours of the 
Eye; and the Liquor of Surfaces and of Cavities, &c. 


1. The mucus of the nose was examined by Fourcroy and 
Vauquelin, in the state in which it is discharged during 
catarrh, Its principal qualities appear to be owing to the 
large proportion, which it contains, of the substance termed 
by Dr. Bostock animal mucus. By exposure to the air, this 
substance becomes viscid; but, when recently secreted, its 
consistence does not appear to be thicker than that of tears. 
It contains, besides other neutral salts, a small proportion of 
carbonate of soda; and hence it precipitates the solutions of . 
baryta and of lime. Water does not dissolve it, and it can 
only be brought into a state of diffusion by agitation. The 
acids thicken it, when used in small quantity; but in a larger 
proportion they dissolve it. Pure liquid alkalis decompose it, 
and extricate ammonia. Chlorine renders it thick and dry ; 
and reduces it to a state almost resembling parchment. 

Berzelius found the mucus of the nose to consist of 
DEY IGT ws sti ire’ think tine simwemnhelin ie cep faite sai] A tal 
EROS, TOALLOT | can socn, ota bebidis bunlin sm Miscenr ins) OAS 
Muriates of potassa and soda....., ... 5.6 
Impure lactate of soda .....seece2220 0.9 
Albumen and animal matter, eee | 
in water, but soluble in alcohol.,, bs ' 


1000, 
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2. The tears appear to differ from the mucus of the nose in 
no respect, except in being of a more fluid consistence. ‘They 
are perfectly pellucid, have a saline taste, and a specific gra- 
vity rather greater than that of water. They change the colour 
of syrup of violets to green, owing to their containing a por- 
tion of uncombined soda. Mr. Hunter found that when tears 
are exposed to a temperature of 160°, a coagulum is formed, 
and that a substance still remains in solution, which is coagul- 
able by Goulard’s extract of lead. ‘These properties indicate 
the presence both of albumen and of mucus. By evaporation, 
the tears afford a yellow extract, which is insoluble in water, 
but is readily soluble in alkalis. Sulphuric acid disengages 
from this extract both carbonic acid and muriatic acid gases. 
After its combustion, phosphate of soda and phosphate of lime 
are also discovered in it. Fresh tears are decomposed by 
chlorine, and a precipitate is thrown down in flakes, which 
resembles the matter obtained by evaporation. ‘Tears, there- 
fore, are composed of water; an animal fluid resembling 
albumen ; another fluid which is probably mucus ; and various 
neutral salts. 

3. The humours of the eye. ‘The aqueous humour is a clear 
transparent liquid, of the specific gravity 1009. It has little 
smell or taste, and scarcely affects blue vegetable colours. By 
evaporation it leaves a residuum, amounting to about 8 per 
cent. Boiling occasions a slight coagulation; and tan preci- 
pitates it, both before and after being heated. Nitrate of silver 
precipitates muriate of silver from it, but no other metallic 
salts affect it. Hence it may be inferred, that the aqueous 
humour consists of a large proportion of water; and of albu- 
men, gelatine, and several neutral: salts. 

The vitreous humour agrees with the aqueous as to the 
nature of its ingredients, and differs only in their proportion. 
In the crystalline lens, both albumen and gelatine are present 
in considerably larger quantity. It is soluble in cold water ; 
but the solution is coagulated by heat, and by the addition of 
tan. Its specific gravity is nearly 1100.—It appears, there- 
fore, that all the humours of the eye are composed of the same 
ingredients, and differ only in the proportion which they bear 
to each other. oat 
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A recent analysis of the humours of the eye by Berzelius, 
has determined their composition as follows: 


Aqueous Humour. — Vitreous Humour. 
WURCOE oi ale W Ele Sle tpecesath.o.,.0 ond Ove 0.4 cadlnda Ree 
AlImets ph UGn i sca es SY UTACE . «dice dd one ERO 
Muriates and lactates ... 1.15 ...ccccose 1-42 
Soda with animal mate} Ov'ag Lise caneai se 800 
soluble in water .... 


oat et ee 


100. 100. 


The lens of the eye was found to be composed of 


Peenlar Water Pee. ss coe we cele pea vs 8 ere 
Muriates, lactates, and animal matter soluble : 2 4 
ATy SEROIOL i. Sine Paws ap be ed teams 6 cera 
Animal matter soluble only in water........ 1.3 
insoluble memDrane “5. ose se areane nee Ae. eee 


eel 


100. 


In the ashes of the crystalline lens, Berzelius found only 
minute traces of iron; but in those of the black matter which 
covers the choroid coat, he discovered a large proportion of 
the oxide of that metal.* _ . 

4, Liquor of surfaces. On the surface of every cavity 
throughout the body a fluid is constantly poured out, in suffi- 
cient quantity to lubricate the parts; and occasionally, also, 
to keep certain cavities in a state of distension. To this head 
may be referred the fluid which moistens the pleura and the 
peritonzum, and the contents of the pericardium, of the ven-— 
tricles of the brain, and of the amnios. It is only a part of 
these, however, that have been accurately examined. 

The liquor of the pericardium has been analyzed by Dr. 
Bostock. It had the appearance of the serum of the blood; 
and when exposed to the heat of boiling water, became opaque 
and gelatinous. By slow evaporation it left a residuum equal 
to =4 of the whole. It was precipitated by bichloride of 
mercury; after the action of which, infusion of galls had no 


* Ann, de Chim, et Phys. v. 51. 
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‘effect, but a copious’ sediment was produced by Goulard’s ex- 
tract. From these characters, Dr. Bostock is disposed to con- 
sider it as a compound of albumen and mucus with muriate of 
soda and water, but without any gelatine. The following 
proportions he assigns as approximations: , : 


WW afer ted 5 Paretete sie Peak) eee 
Albumien: Jadivdis it: oecnye to Ow 
DICOR Wd cain yon lea ete ae ae 
Muriate of soda ....coeree 0.5 


100.* 


The liquor of the amnios, or the fluid which surrounds the 
foetus, is stated by Vauquelin and Buniva to be remarkable, 
in the cow, for affording a peculiar acid, already described 
under the name of the amniotic; but Dr. Prout, who has 
since examined this liquor with much attention, was not able 
to detect any such principle.t The liquor, on which he made 


his experiments, had the sp. gr. 1.013. Its taste was bland | 


and sweetish like fresh whey; and, when concentrated by 
evaporation, it yielded crystals of sugar of milk. It con- 
sisted of 1 


WHE SS Wile is CEN Ce 4 Bp 

Albminen ea Mera Cokie ALI Ree ORS 
Substance soluble in alcohol .......... 16.6 
Saline substances and sugar of milk.... 3.8 


- 1000. 


In the human subject, the composition of the liquor of the 
ammnios is eritirely different; none of the amniotic acid appear- 
ing to exist init. ‘Lhe only ingredients, that are found in it, 
are albumen, gelatine, with a portion of muriate and carbonate 
of soda and some phosphate of lime. It is precipitated by 
heat, by acids, by alcohol, and by infusion of galls. 

5. Lymph. The fluid found in the thoracic duct of animals 
that have been kept 24 hours without food, is perfectly trans- 
parent and colourless, and seems to differ, in no respect, from 


” Nicholson’s Journal, xiv, 147, + Thomson’s Ann. v, 471, 


» 
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that which is contained, in the lymphatic vessels. Its proper- 


ties are described by Mr, Brande as follows: 

(a) It is miscible in every proportion with water. 

(b) 1t produces no change in vegetable colours. 

(c) It is neither coagulated by heat, by acids, nor by al- 
cohol, but is rendered Sine turbid by the last-mentioned 
agent. 

(d) It gives, on evaporation, ‘a very sparing residuuin, which 
turns the colour of violet paper green. By incineration, this 
matter gives a very little muriate of soda, but no iron. 

- (e) When submitted to electrical action, there was an evolu- 
tion of alkali, anda separation of albumen, at the negative 
pole.. At. the positive wire, muriatic acid only seemed to be 
evolved. 

6. Pus.—Pus is the fluid secreted by an inflamed surface, 
generally towards the close of the inflammation. Kt is of a yel- 
lowish white colour, and of the consistence of thick cream; 
has the sp. gr. 1.031 to 1.033; is insipid and inodorous when 
cold; and when examined by the microscope, exhibits white 
globules swimming in a transparent fluid. It produces no 
change on vegetable colours in its recent state, but becomes 
acid on exposure to the air. 

Pus is not easily miscible with water, and when agitated 
with it, the pus sinks to the bottom on standing. Diluted sul- 
phuric acid does not act upon it, but concentrated sulphuric, 
muriatic, and. nitric acids dissolve it. Alkaline solutions 
form with it a whiteish ropey fluid, which is precipitated on 
adding. water. Pure ammonia changes it to a transparent 


_ jelly, and dissolves a considerable proportion of it. 


Pus yields a white precipitate with nitrate of silver, anda 
still more copious and flakey one with nitrate and with bi- 
chloride of mercury. Its characters appear, however, to be liable 
to several modifications, which are described by Dr. Pearson 
in the Phil. Trans. for 1810. The criteria proposed for distin- 
guishing pus from mucus, Dr. Pearson did not find at all 
satisfactory; but the following has since been proposed by 
Grassmeyer. ‘Triturate the fluid to be tried with an equal quan- 
tity of warm water; then add to it an equal portion of a satu- 
rated solution of subcarbonate of potassa; and set the mixture 
aside. If it contain pus, a transparent jelly subsides in a few 
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hours, but this does not happen if only mucus be present. 
(Thomson’s Chemistry, iv. 584.) | 

7. Synovia.—This fluid, which is found in the cavities of the 
joints, may, from its office of lubricating the parts in which it 
is found, be described in this place, though in composition it 
differs considerably from the liquor of surfaces. It is at first 
a viscid liquid, but soon becomes gelatinous; and, after re- 
maining some time in this state, again assumes a fluid form, 
and deposits a fibrous matter. Alcohol separates from it a 
portion of albumen, but the remaining liquid remains viscid. 
Acetic acid destroys its viscidity, and precipitates a quantity 
of white threads, which have a striking resemblance to vege- 
table gluten. ‘The same substance is precipitated by the mineral 
acids, but not unless they are diluted with a large quantity of 
water ; for in their concentrated form, they have the power of 
dissolving it. By continuing the analysis, several neutral salts 
may be obtained, and the proportions of the entire fluid have 
thus been stated by Margueron :* 


BI DYOWS A BALOL a By tein sunietenteeem’e ol ed uae 
AMATI IE i atieiehie orahie ie iidin aiksfid an eeie 
PLT IOL COMB od opis: <ncuin sorbet coe ber a 
SEP EN Sis Op a Se rs am RRR UGE” S| 
Phosphigte Of Ue, yo) fia it spec plewonnl eedberke 
UN ALED, Gis. dstnic ind inky Kidvinny aleime sn dh aw oe 


100. 


8. The fluid of perspiration, or sweat, has been examined by 
Berzelius; but under the disadvantage of operating on a very 
small quantity. A few drops, collected and- evaporated on a 
watch glass, left a yellowish residue, having all the appearance, 
under the microscope, of the usual mixture of muriates of potassa 
and soda with lactic acid, lactate of soda, and its accompanying 
animal matter. It reddened litmus, and dissolved in alcohol ; 
and was, without doubt, of the same nature as the analo- 
gous matter found in other animal fluids. The acetic acid, 
which Thenard supposed he had discovered in the fluid of 
perspiration, was most probably a product of his mode of 
operating.. 


* Ann, de Chim, xiv, 
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SECTION  V. 
Of the Urine and Urinary Calculi. - 


Tue urine, though one of the most complicated fluids of 
the animal body, containing at least a dozen different sub- 
stances, is perhaps one of those, the composition of which is 
now best understood. For a long period of time, the atten- 
tion of chemists seems to have been limited to the extraction 
of phosphorus and neutral salts from urine; but a new direc- 
tien ‘was given to their labours, by the valuable discoveries of 
Fourcroy and Vauquelin.* ‘The analysis of the urine has 
been prosecuted, also, with great success, in this country by 
Cruickshank; + in Spain by Peppa: t and more recently by that 
indefatigable philosopher, Professor Berzelius of Stockholm.§ 
And though some important facts have been contributed by 
other persons, yet it is chiefly to these writers that we are 
indebted for the matérials of its chemical history. 

The external properties of the urine need no description ; 
and indeed none would apply universally to a fluid, which is 
«constantly varying, not only in the diseased but in the healthy 
-state of the body. ‘The quantity voided in-each diurnal period 
‘is of course greatly modified by circumstances. Haller states 
‘at at 49 oz.; Dr. Bostock at 40 0z.: and Dr. Prout at $2 oz. 
or 2lb. avoirdupois on the average of the whole year. The 
following account of its chemical properties is to be under- 
stood as applying to the urine which is voided early in the 
morning, or at least several hours after a meal. In this state 
it has a deep yellow colour, and an intensely bitter taste. Its 
specific gravity is variable. Dr. Bryan Robinson fixes it at 
1030, water being 1000; and Mr. Cruickshank found it to 
vary from 1005 to 1033. From my own experiments, I am 
disposed to consider the number stated by Dr. Robinson as a 
fair general average. , 

The ebinediticoss which appear to me to have been tin fie 
torily proved to exist in healthy urine, are the following: 


* Annales de Chimie, xxxi. 48. + Phil. Mag. ii. 249. 
J Annales de Chimie, xxxvi, 258, § Thomson’s Annals, ii. 416. 
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1. Water. is 11. Albumen. 

2. Free phosphoric acid. 12. Lactate of ammonia- 

3. Phosphate of lime. -. 13. Sulphate of potassa. 

4, Phosphate of magnesia. 14. Sulphate of soda. 

5. Fluoric acid. - 15. Fluate of lime. 

6. Uric acid. . 16. Muriate of soda. 

7. Benzoic acid. . 17. Phosphate of soda. 

8. Lactic acid. _ 18. Phosphate of ammonia, - 
9. Urea. 19. Sulphur. : 
10. Gelatine. 20. Silica. 


The presence of an uncombined acid in urine is shown by 
its invariably, when recently voided, reddening blue vegetable 
colours. This effect is owing partly to the phosphoric, and 
partly to the lactic and uric acids, which urine contains; and 
Vogel has lately endeavoured to show that carbonic acid is, 
also, one of its constituents.* Berzelius imagines that the 
weakest acids are those which are most likely to remain un- 
saturated, and to produce this effect on vegetable colours; but 
Dr. Prout is inclined rather to believe that the uric acid in 
urine is united with ammonia, and hence mineral acids cause 
a-precipitation from urine by saturating the ammoniacal base. 
The reddening effect he is disposed rather to ascribe to the 
superphosphate of ammonia. 

The lactic and phosphoric acids form the solvent, by which 
the phosphate of lime is retained in solution; and, if this 
portion of acid be saturated, the earthy salt is precipitated. 
Hence a few drops of pure ammonia, added to recent urine, 
occasion a white cloud, and a sediment of neutral phosphate 
of lime falls, in the proportion of about two grains from four 
ounces of urine. If lime-water be mixed with urine, a still 
larger quantity of phosphate of lime is deposited; for the 
newly added earth unites with the free phosphoric acid, and a 
quantity of phosphate of lime is generated, in addition to that 
which before existed in solution. In the precipitate, formed 
by either of these processes, a small proportion of magnesia is 
discoverable, which existed, no doubt, in combination with 
phosphoric acid. ‘The sediment contains, also, according to 


* 93 Ann, de Chim. 71.. 
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Berzelius,* fluate of lime.’ The presence of the’ last-nien- 
tioned ‘substance was ascertained by adding sulphuric acid, 
which set at liberty vapours of fluoric acid, in sufficiettt aa 
tity to corrode glass. : 

When the urine has stood for 24 hours at a mean tempe- 
rature, the uric acid, urate of ammonia, and phosphate of lime 
are in a great measure deposited ; and still more speedily and 
conipletely, if the urine be first evaporated to half its bulk. 
They may be separated from each other, either. by diluted 
nitric acid, which leaves the uric acid, and takes up only the 
phosphate of lime; or by calcining the mixture in a red-heat, 
which destroys the uric acid, but not the calcareous phos- 
phate. By this operation, the uric acid is found to vary con- 
siderably; but the phosphate of lime is pretty constantly in 
the proportion of a grain from two ounces of urine. ‘The 
quantity of uric acid, obtained from urine, is greatly increased 
by adding to that fluid almost any other acid, and allowing it 
to stand for some days; at the end of which time small crystal- 
line grains will be found lining the inner surface of the vessel. t 

The existence of salts, containing sulphuric acid, in urine, 
is proved by adding muriate of baryta, to urine acidulated 
with muriatic acid. ‘This excess of acid prevents the precipi- 
tation of the phosphates, which would otherwise be decom- 
posed by the barytic salt. From the weight of the precipitate, 
Berzelius computes that the proportion of sulphuric acid in 
urine exceeds that of phosphoric acid.—If nitrate of baryta, 
with an excess of nitric acid, be employed, and if the urine, 
after depositing the sulphate of baryta, be evaporated, a fur- 
ther portion of sulphate of baryta is deposited in small hard 
-erystals. Now the sulphuric acid, which occasions this second 
production of the barytic sulphate, must have been formed 
during evaporation ; and can only be accounted for by sup- 
posing, that a portion of sulphur, existing in the urine, has 
been acidified by the excess of nitric acid. | : 

The muriates of potassa and soda occur both in blood and 
in urine, and hence appear to pass the kidneys unchanged. 
Their presence in the latter fluid may be shown by first preci- 


* Annales de Chimie, ]xi. 256; and Thomson's Annals, ul, 416, 
+ Egan, Philosophical Magazine, xxiii. 298. 
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pitating the phosphates and sulphates with nitrate of baryta, 
and then adding nitrate of silver. A copious Binvaeiay ot in 
this case never fails to be produced. 

When urine, which has deposited its phosphate of lime and 
uric acid, is submitted to distillation, a liquid condenses in 
the receiver, which has a very peculiar and nauseous sinell, 
and efiervesces strongly with acids, in consequence of its con- 
taining carbonate of ammonia. In the retort there remains a 
residuum, which, if rica poole to the consistence of honey, 
composes from =}, to =, the weight of the urine. When a 
little of this extract is salldea to a quantity of nitric acid, 
diluted with an equal weight of water, a number of shining 
white or yellowish scales are deposited, resembling the boracic 
acid, and in the proportion of 4 or 7 the weight of the ex- 
tract. This precipitate is occasioned by the action of the 
nitric acid on the urea, which is contained in urine; and to 
the decomposition of the same substance is owihg the car- 
bonate of ammonia, obtained from urine by distillation. (See 
the section on Urea.) 

From the extract of urine, the peculiar substance, called 
urea, may be separated by digesting the extract repeatedly 
with alcohol, and decanting the solutions, which are to be 
gently evaporated. Its proportion varies very considerably ; 
but it has been stated, by Mr. Cruickshank, at about <1, the 
weight of the urine, or one-half that of the inspissated extract. 
The undissolved residue contains lactic acid and a number of 
neutral salts, consisting of muriate of potassa, muriate of soda, 
phosphate of soda, and phosphate and lactate of ammonia. 
Muriate of ammonia is, also, occasionally found, and is dis- 
solved, along with the urea, by the alcohol. These salts admit 
of being separated from each other by solution and evapora- 
tion. The muriates, at a certain degree of concentration, form 
a pellicle, which is to be removed while the liquor is hot. The 
solution, when cold, deposits two sets of crystals ; rhomboidal 
prisms, which are the phosphate of ammonia; and eas os 
tables, consisting of phosphate of soda. 

Along with the urea, a portion of benzoic acid is, also, 
taken up by the alcohol. The presence of this acid in urine 
may be shown, by evaporating it to the consistence of syrup, 
and pouring in muriatic acid; when a precipitate appears, 
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which consists of benzoic acid. In human urine its propor- 
tion is small, and Berzelius could not even discover a trace of 
it in the urine of children, in which Scheele states that he 
found. it ;-but in that of herbivorous quadrupeds, so large a 
quantity exists as to. be worth extraction. On the average, 
Vauquelin has shown that it forms about 51, of the urine of 
this class of animals.* | 

If human urine be evaporated to the consistence of syrup 


_only, and alcohol be added, the substance remaining undis- 


solyed is acid. This acid combines with ammonia, and the 
compound is soluble in alcohol. .. From this solution the. am- 
monia is disengaged by lime; and from the new salt thus 
formed, the lime may be precipitated by oxalic acid, which 
leaves the lactic acid dissolved in water. . By this process, a 
small part only of the lactic acid is obtained from urine; the 
greater portion of it being dissolved by the alcohol, tPBSUaRE 
math the lactate of ammonia. | 

Albumen, gelatine, and mucus exist, also, in the urine, 
but in very variable proportion. When urine is heated nearly 
to the boiling temperature, a white flocculent precipitate often 
forms in it. This is in part phosphate of lime, thrown down 
by the ammonia resulting from the decomposition of urea ; 
but it also contains coagulated albumen, which remains after 
adding muriatic acid to dissolve the calcareous phosphate. 
In dropsy, the.proportion of albumen is often sufficient to 
produce a distinct coagulation both by heat and acids. Gela- 
tine is discovered, on adding infusion of galls,. by a.precipi- 
tate which amounts, according to Mr. Cruickshank, to 54, 
part the weight of the urine. The presence of an excess of 
albumen in urine is the characteristic symptom of a disease 
described by Dr. Prout (on Calculous Diseases, p. 37.) But 
in general he considers the albuminous part of urine as more — 
nearly allied in properties to that found in chyle than to that 
of blood. It often exists, when the urine is not coagulable by 
heat ; but in this case it may be discovered by the delicate 
test of triple prussiate of potassa, aided by a few drops of 
acetic acid. | "y 

Mucus, also, is suspended in all newly evacuated. urine, 


* Annales de Chimie, Ixix. 311. 
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and affects its perfect transparency. If the urine be voided 
in different portions, the mucus, which naturally lines the 
urinary passages, is most abundant in the first, and less so in 
the subsequent portions. When recent urine is filtered, the 
mucus remains on the filter, in the form of transparent and 
colourless floceuli. ‘The cloud, which appears in the urine 
during fever, is merely this mucus, which subsides more ‘slowly 
than usual, in consequence of the increased specific gravity of 
the urine.. From urine, filtered when warm, a greyish white — 
sediment falls in cooling, which gradually acquires a reddish 
hue and a crystalline form. The greyish powder is soluble in 
caustic potassa, without any evolution of ammonia; but, as it 
becomes red and crystallized, potassa disengages ammonia from 
it in abundance. LBerzelius considers it, therefore, as urate of 
ammonia with excess of acid. ‘The deposit is partly soluble, 
also, in acetic acid, which extracts a substance having the 
characters of mucus. ‘There appears, indeed, to be an affinity 
between uric acid and mucus; for that acid separates most 
abundantly from urine, which has not been deprived of mucus 
by filtration. In some diseases of the biadder, its mucous secre- 
tion appears to undergo a considerable change, and to assume 
a purulent appearance.* 

Sulphur was first discovered in urine by Proust. This 
fluid, he observes, blackens silver vessels in which it is eva- 
porated, and scales are detached which consist of sulphuret 
of silver. Sulphureted hydrogen gas, he finds also, is disen- 
gaged from urine which has been kept about fifteen days; a 
remark which has since been made also by Vogel. But the 
greatest part of the sulphur in urine is united with oxygen in 
the state of sulphuric acid, which is combined with different 
_ bases. . 

The same distinguished chemist (Proust) supposed that he 
had discovered carbonic acid in urine, by examining the air 
bubbles which ascend from this fluid during ebullition. There. 
can be little doubt, however, that the carbonic acid, thus 
detected, arises from the decomposition of urea by the 
increased temperature. But Mr. Brande was led to infer its 
presence by the escape of carbonic acid from urine placed 


* Berzelius, in Thomson’s Annals, ii. 420. 
VOL, Il. 2H 
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under an exhausted receiver; and Dr. Marcet (on Calculus, 
p-. 159), admits that, under certain circumstances, urine may 
contain carbonic acid. To the same source, also (urea), may 
be referred the carbonate of iime, found by Proust on the sur- 
face of casks in which urine had been kept. “By the decompo- 
sition of urea, carbonate of ammonia is formed; and this, 
re-acting on the phosphate of lime contained in urine, will 
doubtless compose carbonate of lime. ‘The occasional presence 
of the sulphate of soda rests on better evidence; for it fre- 
quently happens that only a part of the precipitate, formed 
by adding muriate of baryta to urine, is dissolved by muriatic 
acid; thus indicating the formation of sulphate of baryta. 

The acetic acid and resinous matter, which Proust imagined 
he had discovered in urine, may be accounted for by sup- 
posing, that they were produced, rather than separated, by 
the processes which he employed. At least their existence in 
healthy urine is equivocal; and it is not improbable that this 
excellent chemist mistook the lactic for acetic acid. The 
acetic acid he obtained by distilling a fresh extract of. urine 
with sulphuric acid; and the resinous matter by diluting the 
residue of this distillation when beginning to grow thick, with 
a large quantity of cold water; the excess of acid being after- 
wards removed by a little alkali. ‘The resin thus produced he 
found to bear a striking resemblance to castor. | 

The colour and smell of urine, Berzelius ascribes to thé 
lactic acid and accompanying animal matters; but Dr. Prout 
conceives that in some cases it is owing to the presence of alka- 
line purpurates. On adding pure and white urate of ammonia 
to healthy urine, he found the urate always to acquire a colour 
like that of uric acid calculi, till a certain quantity had been 
added, when it ceased to acquire colour on adding more. 
This can only be explained by supposing that urine contains 


two colouring matters, one of which has an affinity for urate 


of ammonia, the other not. ; 

Berzelius discovered siliceous earth in urine by treating ex- 
tract of urine, first with alcohol, then with water, and finally 
with muriatic acid. ‘The silica remained in the form of a grey 
powder, which, by fusion with soda, became glass. Its source 
he apprehends to be in the water, which we drink, which 
almost universally contains silica. 
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With regard to the proportion of the different ingredients 
. of urine, Berzelius finds that it differs essentially in the same 
individual, even from causes which have little influence on 
health. The following Table may be consider ed as showing 
its average composition. 
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The 17.14 parts of lactic acid, &c. contain a quantity of | 
water, which cannot be abstracted. without decomposing those 
bodies. The uric acid is extremely variable; but in the par- 
ticular instance, which furnished the above results, it was 
deposited on cooling. The earthy phosphates contain 11 per 
- cent. more magnesia, than exists in the earth of bones, or in 
the ashes of blood. Much more potassa is discoverable, also, 
in urine aud in milk, than in blood. 

Acidification, it has been justly observed by Berzelius, is 
the chief healthy office of the kidneys. It is in those organs, 
that the sulphur and phosphorus present in blood are con- 
verted into sulphuric and phosphoric acids, and that a new 
acid, the uric, is generated. In some diseases, the acidifying 

2H 2 
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tendency is carried to excess, and nitric and oxalic acids are 
generated, the former of which probably converts a part of the 
uric acid into purpuric; and the latter, uniting with lime, 
composes oxalate of lime. In other cases, the acute pro- 
cess is suspended, and unchanged blood or albumen; neutral 
substances, as sugar or urea 3 ey even alkalis, as ammonia, 
lime, or magnesia, are abundantly separated, the sulphur and 
phosphorus at the same time escaping unacidified. When 
acids are formed in excess, the urine is scanty and high 
coloured, and the character of the disease is inflammatory. 
When neutral or alkaline substances are redundant, the urine 
is pale and copious, and the disease is accompanied with irri- 
tation or debility. (See Prout on Calculus.) 

The putrefaction of urine is attended with a series of chan ges, 
somewhat analogous to those accompanying | its distillation. 
The urea, which it contains, is decomposed and converted 
into carbonate of ammonia, which neutralizes all the redun- - 
dant acids, and precipitates phosphate of lime. : At the same 
time, the ammonia, uniting with the phosphate of magnesia, 
composes a salt, which SETH in white crystals on the inner 
surface of the vessel. ‘This salt is the ammoniaco-magnesian 
phosphate, which constitutes so large a part of some urinary 
calculi. The albumen and gelatine contained in the urine 
also undergo decomposition, and flakes ‘are deposited, which 
consist of both ‘these substances. Acetic acid is generated, 
and becomes saturated with ammonia. Acetate and carbonate 
of ammonia, and the ammoniaco-magnesian phosphate, appear, 
therefore, to be the principal vanes generated by the 
putrefaction of urine. _ 

Some important facts have been ascertained by Mr. Cruick- 
shank, respecting the changes that the urine undergoes in 
different diseases. In tees the urine was coagulated, so 
completely by heat and by acids, as to differ but little from 
the serum of the blood. When this disease, however, arose 
from a morbid state of the liver, the urine was not coagulable; 
but was observed to be small in quantity, high coloured, and 
to deposit a considerable portion of pink sediment (probably 
the substance rosacée of Proust.) In inflammatory affections, 
the urine was found to be loaded with albumen. In gout, 
towards the end of the paroxysm, the urine deposited a lateri- 
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tious sediment, which consisted of a very minute quantity of 
uric acid, a larger quantity of phosphate of lime, and some 
peculiar animal fluid not soluble in water. The urine of 
jaundiced persons contained a small quantity of bile, which 
was discoverable by the addition of muriatic acid. Flysterical 
urine was remarkable for a larger proportion of saline ingre- 
dients, but had scarcely any aaeislined matter. 

The composition of the urine differs essentially in the dif. 
ferent classes of animals. Urea appears to be a constituent of 
the urine of all animals, so far as it has hitherto been exa- 
mined; but the uric acid is not found in herbivorous quadru- 
peds, the urine of which contains, instead of it, a large pro- 
portion of benzoic acid. ‘That of the horse and of the: rabbit 
are remarkable for becoming milky after being voided, in con- 
sequence of the deposition RY carbonate of Ueda The urine of | 
the rabbit contains, also, carbonates of magnesia and potassa, 
and sulphates of potassa and lime. The urine of the cow, 
besides a larger proportion of benzoic acid, holds in solution 
carbonate and sulphate of potassa and muriate of potassa.— 
The urine of domestic fowls, which is voided through the 
same passage as the excrement, was found by Fourcroy and 
-Vauquelin, and more lately by Chevreul, to contain uric acid. 
And Dr. Wollaston has determined the proportion of uric 
acid to be greatest, in the urine of birds that feed on animal 
food. In the hawk, fed on flesh only, it was remarkably 
abundant; and the gannet, feeding solely on fish, discharged 
no solid matter except uric acid.* The uric acid has been 
found, also, by Dr. Prout+ to constitute upwards of 90 per - 
cent. of the excrement of an animal, belonging to a different 
class, the serpent called boa constrictor. Mr. Brande, some 
years ago, discovered it in the urine of the camel. But, on 

‘the other hand, Vauquelin has proved that it is entirely absent 
from the urine of the lion and tiger, though fed on flesh, and 
though their urine abounds in urea. 

Urinary catcutr. Connected with the analysis of urine 
is that of the concretions, which are found in the bladder, 
and which occasion a disease, equally formidable from its 


_* Phil. Trans. 1810. + Thomson’s Annals, v. 415. 
+ 82 Ann. de Chim, 199. 
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_ symptoms, and its remedy. Little was known respecting their 
chemical composition, till the time of Scheele; to whom we 
owe on this, as on many other subjects, the first, and there- 
fore the most difficult steps towards accurate analysis. By 
the discovery of the uric (or, as he termed it, lithic) acid in one 
of the most common varieties of calculus, and in the ordinary 
urine, he paved the way to every thing that has been since 
ascertained, respecting other varieties; and his experiments 
have been most ably followed up by those of Dr. Wollaston, 
-and of Fourcroy and Vauquelin. It is but justice to Dr. Wol- 
laston, however, to state, that the principal distinctions of the 
several species of calculus were pointed out by him in the year 
1797,* in a memoir not less distinguished by the importance 
of its facts, than by the simplicity with which they are nar- 
rated. Two years afterwards the experiments of Fourcroy 
and his associate were communicated to the National Insti- 
tute; so that the title to priority unquestionably belongs to 
our own countryman. Several valuable additions have been 
since made to our knowledge of the subject by Dr. Pearson, 
Mr. Brande, and others; and an excellent history of all that 
was before known, combined with much original matter, has 
been contributed by Dr. Marcet.f In the plates which are 
annexed to this work, will be found the most exact repre- 
sentations of the several varieties of urinary concretions, that 
have yet been published. A great deal of important informa- 
tion respecting the chemical history of the urine, and of the 
concretions formed from it, may be found also in Dr. Prout’s 
“ Inquiry into the Nature and Treatment of Gravel, Caleu- 
lus,” &c. 

The ingredients of urinary calculi are much less numerous 
than those of the urine. ‘The following appear to be the only 
substances, the existence of which, in concretions of this sort, 
is sufficiently established; vix. uric or lithic acid; phosphate of 
lime; ammoniaco-magnesian phosphate; oxalate of lime; 
silica ; and an animal matter, which serves the purpose of a 
cement to the earthy ingredients. To these, Proust added 


* See the Philosophical Transactions for that year. 
+ “ An Essay on the Chemical History and Medical Treatment of Cal- 
culous Disorders,” Byvo, London, 1817. 
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the carbonate of lime;* and its presence in some cases has 
been lately fully demonstrated. The ingredients of rarer 
occurrence are: the cystic oxide of Dr. Wollaston, and the | 
xanthic oxide of Dr. Marcet. It is scarcely ever that any 
of these substances is found singly. Nevertheless, the predo- 
minance of some one of them gives to the concretion its 
peculiar characters; and determines the genus to which it 
should be assigned. Several arrangements of urinary calculi 
have been contrived. Fourcroy and Vauquelin have enume- 
rated three genera, which they have divided again into no 
‘less than twelve species. In these subdivisions, however, 
several minute differences have been attended to, which are 
scarcely sufficient grounds, for specific distinctions; and it 
appears to me sufficient for every purpose of arrangement to 
class them under the following heads. 

I. Calculi which are chiefly composed of uric acid or urate 
of ammonia: marae 

II. Calculi principally composed of the ammoniaco-magne- 
sian phosphate: 

Ill, Caleuli consisting, for the most part, of phosphate. ot 
lime : 

IV. Calculi containing principally carbonate of lime: 

V. Calculi which dévint their characteristic proper ty from 
oxalate of lime; and 

VI. Calculi composed of the substance discovered by Dr. 
Wollaston, and called by him cystic oxide. 

I. The calculi composed entirely of wric acid are of very rare 
occurrence; but those, in which it prevails, and gives the 
character of the species, form a very considerable proportion, 
perhaps one half, of urinary concretions. Calculi of this kind 
are of various sizes, from that of a bean to that of a large ege. 
Their shape is most commonly a flattened oval ; ah when, 
more than one are found, they acquire, by friction against 
each other, several sides and angles. ‘he best view a) their 
internal structure is obtained by sawing them through their 
longest and widest diameter, when they exhibit generally 
a central nucleus, of more compact texture, and greater 


* Annales de Chimie, xxxvi. 
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hardness and lustre, than the rest of the stone; but generally 
of the same figure. From this to the circumference, a number 
of distinct layers are perceived; and these layers, when the 
calculus is broken, exhibit a radiated structure, the radii 
converging towards the centre. ‘The harder varieties, when 
divided by the saw, admit of some degree of polish, and bear 
a considerable resemblance to wood. Their colour is various, 
but generally of different shades of yellow, from pale straw 
yellow to a deep. shade of that colour, approaching brown or 
sometimes brown with: a mixtare of red. Their specific gra- 
vity, ¢ according to Fourcroy,. varies from 1 lida to 1.786 ; wits 
generally extreds L500: ! 2) ae 

The chemical charactérs, ‘of calculi of this kind resemble 
those of the uric acid» “When. barned i in a crucible, they emit 
the smell of horn, and are ‘almost entirely consumed; a black 
dense coal remaining, which amounts to about 1th the weight 
of the calculus... They dissolve, either wholly:or in great 
measure, in solutions of pure potassa and pure soda, and are 
precipitated again by acids. A very striking property of this 
sort of concretions is, that when a few grains are heated on a 
watch glass with a small quantity of nitric acid, and the mix- 
ture ecaininitenad’ to dryness, a beautiful red substance remains, 
which dissolves in water and tinges the skin of the same colour. 

The red sand, voided occasionally in considerable quantity, 
and constituting one of the forms of the disease called the 
gravel, is uric acid. very nearly pure. It is probably liberated 
from urate of ammonia by a free acid generated ia the kidneys, 
just as it is precipitated by adding any acid’ to urine recently 
voided. ‘The acid precipitating gravel in the kidneys may be 
either the phosphoric, nitric, or purpuric. » (Prout, p. 127.) 

The urate or lithate of ammonia calculus is generally of a 
clay colour, with a smooth and sometimes tuberculated surface. 
It is composed of concentric layers, and its fracture is very fine 
earthy, resembling that of compact lime-stone. It is small, 
and, in its pure state, rather uncommon ; but urate of ammonia 
often occurs with uric acid forming a mixed calculus. 

In chemical characters, it elosely resembles the last species. 
Before the blow-pipe, however, it decrepitates strongly. It 
is much more soluble in water than uric acid calculus, and 
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always emits a smell of ammonia with caustic potassa. It 
readily dissolves also in ‘alkaline sub-carbonates, which the 
uric species does not. (Prout, p. 84.) . 

II. The ammoniaco-magnesian phosphate, or triple calculus, 
is scarcely ever found without an admixture of some other 
substance, especially of phosphate of lime. Calculi of this 
sort are easily discriminated from those of the first species, by 
their colour, which is white, generally pure white. They 
attain a much greater size than uric acid calculi; and, in one 
or two instances, have increased so as to fill the whole capacity 
of the bladder. The layers are distinguishable only by dif- 
ferent degrees of hardness and density; and small cells are 
often formed by the interrupted deposition of these layers, 
which are lined with sparkling crystals. The calculi of this 
kind are soft, and their powder dissolves sufficiently in the 
mouth, to give a distinct sweetish taste. ‘The same substance 
is sometimes voided, also, in the state of gravel, constituting 
perfectly white shining crystals. 

Boiling water acts upon ‘the ammoniaco-magnesian phos- 
phate; and the calculus loses about 4, of its weight, which is 
deposited on cooling, in the form of stihinis eednaty When 
exposed to heat it first becomes black, emits a smell of ammo- 
nia, and a white powder is left, which fuses imperfectly when 
the heat is more strongly urged. Most acids (even sulphuric 
acid of the specific Airihaey 1.020) dissolve it rapidly, and 
deposit it again on the addition of alkalis. Pure alkalis do 
not dissolve it, but disengage ammonia. ‘To extract the phos- 
phoric acid, Dr. Wollaston dissolved the calculus in acetic 
acid, and precipitated the phosphoric acid by an excess of 
acetate of lead. ‘To the clear liquor, sulphuric acid was added,’ 
which threw down the excess of lead, and, at the same time, 
formed sulphate of magnesia.: Evaporation to dryness 
removed the acetic acid ; and, by raising the heat, the sulphate 
_of ammonia ‘and excess of sulphuric acid were expelled; leay- 
ing the sulphate of magnesia pure, and capable of forming 
oryetals by solution and evaporation. 

Ili. The third species of calculus, composed chiefly of 
phosphate of lime, is usually, on its outer surface, of a pale 
brown colour, and so smooth as to appear polished. When 
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sawed, it is found. to: be regularly laminated, and the layers 


_adhere so slightly, as to be readily separated into concentric 


coats. Internally the colour is white, but not of that pure 
and brilliant kind, which distinguishes the ammoniaco-mag- 
nesian phosphate. The small crystals, also, which occur in 
the former variety, are never found in this; and its powder, 
when rubbed between the fingers, is considerably more harsh 
and rough. 

The phosphate of lime calculus dissolves, though slowly, in 
diluted nitric, muriatic, and acetic acids (but not in the sul- 
phuric acid of the specific gravity 1.020), and is precipitated 
unchanged by alkalis. A small fragment put into a drop of 
muriatic acid, on a piece of glass over a candle, is soon dis- 
solved; and, when the acid is evaporated, crystallizes in 
needles, which make angles of 60° and 120° with each other. 
This property Dr. iVollasion considers as a very delicate test 
of the phosphate of lime. When exposed to the blow-pipe; 
it first blackens, but soon becomes white, and, by intensely 
urging the flame, may at length be fused. When the phos- 
phate of lime and ammoniaco-magnesian phosphate exist 
together, they compose a calculus, a fragment of which may 
be melted with great ease by the blow-pipe into a. vitreous 
globule: and which has therefore been called by Dr. Wollas- 
ton, the fusible calculus. ‘This calculus, when pulverized and 
acted upon by weak acetic acid, is only partially dissolved, the 
ammoniaco-magnesian phosphate being taken up by the acid, 
and the phosphate of lime left. In this way, it is easy to 
ascertain the proportion of the two phosphates. 

IV. Carbonate of lime has been found, though rarely, com- 
posing small, perfectly white, and very friable calculi. ‘This 
was the appearance of some examined by Dr. Prout. Dr. 
Gilby of Clifton has detected it in four instances, and Mr, 
Smith of Bristol has related another, in which calculi, com- 
posed chiefly of carbonate of lime held together by animal 
mucus, were taken from the bladder of a boy. (Medico-Chir, 
Trans. xi. 14.) These calculi, however, had nearly the colour 
of mulberry calculi. 

V. Calculi of the fifth kind, though their composition was 
not ascertained, haye been long distinguished from others, 
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by the peculiarities of their external characters, under the 
name of mulberry calculi. ‘This epithet has been derived from 
their resemblance. to the fruit of the mulberry. They are 
usually of a much darker colour than the other varieties, and 
are covered, generally, with a number of projecting tubercles; 
but the species comprehends, also, some perfectly smooth 
concretions of a pale colour.» Their hardness greatly exceeds 
that of the other kinds; for it is not easy to reduce them to 
powder by scraping with a knife. They have also a greater 
degree of specific gravity, varying, according to Fourcroy, | 
from 1.428 to 1.076. , 

Calculi of this species, when pulverized, are soluble in mu- 
riatic and nitric acids; but not unless the acids are concen- 
trated and heated. The solution by muriatic acid has a deep 
brown colour, but deposits white crystals on cooling. Pure 
alkalis do not decompose this variety of calculus; but when 
it is digested with alkaline carbonates, the oxalic acid is sepa- 
rated, and replaced by carbonic acid. To exhibit the oxalic , 
acid in a separate state, the oxalate of potassa may be decome 
posed by acetate of baryta or super-acetate of lead, and the 
oxalate of lead or baryta by sulphuric acid. This is the pro- 
cess of Fourcroy; but Dr. Wollaston disengaged the-oxalic 
acid by the direct addition of sulphuric acid to the pulverized 
calculus, and the crystallization of the aeid which was thus 
detached. 

The presence of lime, in this variety of calculus, is demon- 
strated, in a very simple manner, by burning it in a crucible, 
and strongly calcining the residuum, or by exposure to the 
blow-pipe. By the addition of water, we obtain lime-water. 

Silica is a very rare ingredient, and has been discovered in 
calculi, in one or two instances only. 

VI. A new species of calculus from the human bladder was 
discovered, by Dr. Wollaston, about the year 1805. It ap- 
pears to be extremely rare; for in 1810, when its properties 
were first described in the Philosophical Transactions, orly 
two instances of it had occurred to its discoverer. With the 
assistance of Dr. Wollaston’s clear and accurate description, 
and of the proper experiments, I have recognized two. other 
examples, in a collection of calculi now in my possession; and 
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Dr. Maréet has since detected it in no less than three in- 
stances.* 

Prof. Stromeyer too has discovered it in gravel from the 
haman body; and Lassaigne found it to constitute 97.5 per 
cent. of a calculus extracted from the bladder of a dog. 
(Ann. of Phil. N.S. vi. 316.) 

In external appearance, these calculi resemble more nearly 
‘the triple phosphate of magnesia than any other sort of 
calculus; but they are more compact, and do not consist of 
‘distinct laminee, but appear as one mass, confusedly crystai- 
lized throughout its substance. They have a_ yellowish 
ssemitransparency, and a peculiar glistening lustre, like that 
«of a body having a high refractive density. 

Under the blow-pipe, the new calculus gives a peculiarly 
‘toetid smell, quite distinct from that of uric acid. Distilled in 
«close vessels, it yields foetid carbonate of ammonia, partly 
solid and partly fluid, and a heavy fcetid oil; and there 
xesnains a black spongy coal, much smaller in proportion than 
fem uric acid calculi. 

It is so readily acted upon by chemical agents, that its 
-characters are best taken from an enumeration of the few 
feeble powers which it can resist. These are water, alcohol, 
iacetic, tartaric, and citric acids, and saturated carbonate of 
sammonia; all which are incapable of dissolving it, except in 
wery minute proportion. , 

Its solvents, on the other hand, are far more numerous. 
_3t % abundantly dissolved by muriatic, nitric, sulphuric, phos- 
sphoric, and oxalic acids; by potassa, soda, ammonia, and lime 
~water ; and even by fully saturated carbonates of potassa and 
soda. When, therefore, it is intended to separate it from 
aeids, the carbonate of ammonia is best adapted to the pur- 
ose; and, for the same reason, the acetic and citric acids are 
best suited to precipitate it from alkalis. raat 

dts combinations with acids crystallize in slender spicule, 
radiating from a centre, which readily dissolves again in water. 
[¢s compounds with alkalis form small granular crystals. 

Lassaigne, who has investigated its combination with acids, 
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* On Urinary Calculi, p. 82. 
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has also analyzed it by combustion with peroxide of copper, 
and found it to consist of 
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As this substance does not affect vegetable colours,’ and has: 
all the chemical habitudes of an oxide, Dr. Wollaston 
distinguishes it by the name of Cystic Oxide. ‘This name it is 
not worth while to alter, though Dr. Marcet has lately met 
with instances, in which its origin may be clearly traced to 
the kidneys and not to the bladder. 

VII. Amongst the urinary calculi examined by Dr. Marcet, 
were two, the properties of which were found to differ from 
those of every known species. ‘The first was of a reddish or 
cinnamon colour; was soluble in acids, though less readily 
than in alkalis; and gave with nitric acid a solution which, 
when evaporated to dryness, had the remarkable property of 
assuming a bright lemon colour. It was distinguished from 
cystic oxide, by being much less soluble in acids; and, from 
uric acid, by considerably greater solubility in water. From 
the colour which it affords with nitric acid, Dr. Marcet bas 
applied to it the term of Xanthic Oxide, from Zavioc, (yellow). 

The other calculus exhibited a train of properties, corre- 
sponding exactly with those of fibrine; and should other 
examples of a similar kind occur, they may be distinguished, 
Dr. Marcet thinks, by the epithet /ibrinous calculi.* 

Such are the principal kinds of urinary concretions. If 
any addition were made to the five classes, under which they 
have been arranged, I would propose to add two others; the 
sixth comprehending those calculi, which contain several of 
the foregoing ingredients, in such a state of admixture as not 
to be distinguishable without chemical analysis; and the 
seventh those, in which the different substances are disposed in 
distinct layers or in concentric strata. It may be proper, 
however, to give an outline of the classification, proposed by 


* On Urinary Calculi, chap. iv. 
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HWEFEROY and Vauquelin, after the analysis of more than 600 
of these concretions. 


Genus I.—CatcuLiI COMPOSED CHIEFLY OF ONE 
INGREDIENT. 


Species 1. Calculus of uric acid. 
2, urate of ammonia. 
3. ———— carbonate of lime. 
4, oxalate of lime. 


Genus II].—CaLcuL!I COMPOSED OF TWO INGREDIENTS. 


Species 1.—Calculus of uric acid and earthy phosphates in 
distinct layers, 

2. Calculus of uric acid and earthy phosplnies inti-. 
mately mixed. 


3, of urate of ammonia ad the phosphates 
in layers. 

4s, of the same ingredients intimately mixed. 

5. of earthy phosphates mixed or else in 
fine layers. 

6. of oxalate of lime and uric acid in distinct 
layers. 

Te of oxalate of lime and earthy RS hee 
in layers. 


Genus II].—CALcuLI COMPOSED OF THREE OR FOUR 
INGREDIENTS. ; 


Species 1.—Calculus of uric acid or urate of ammonia, earthy 
phosphates, and oxalate of lime. 
2. ————— of uric acid, urate of ammonia, “earthy 
- phosphates, and silex, » 3 


Pa 


The urinary concretions, which have been extracted from 
the bladders of inferior animals, differ from those of the 
human subject in containing no uric acid, and in consisting 
for the most part of catbbate and phosphate of lime, cemented 
by animal matter. Carbonate of magnesia, also, has been 
found in the urine of herbivorous animals. (Ann. de Chim, de 
Phys, xxii. 440.) — 
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SECTION VI. 


Of Bones, Shells, Crusts, Horn, and Cartilage. 


Tue bones of animals are composed partly of earthy salts, 
which give them solidity and hardness, and partly of animal 
matter, which serves the purpose of a cement, and keeps the 
earthy ingredients in a state of union. By long continued 
boiling, a large part of the animal matter is extracted, and a 
solution is obtained, which concretes, on cooling, into a gela- 
tinous mass. Hence bones contain gelatine as one of their 
ingredients. But besides this animalized substance, another 
is discovered by the slow action of diluted nitric or muriatic 
acid. Hither of these acids dissolve both the earthy salts and 
gelatine; and a soft flexible substance remains, retaining, in 
a great measure, the shape of the original bone. ‘This soft 
and spongy substance seems to be analogous to cartilage; 
and is essential to the constitution of all organized bones and 
shells. Its production appears to be the first step in the form- 
ation of bone, and of the other hard coverings of animals. 
In chemical composition, it has been found by Mr. Hatchett 
(to whom We owe its discovery) most to resemble coagulated 
albumen. ) 

Besides the marrow, which is lodged in the hollow cavities 
of bones, they contain, in the most hard and solid part of 
their substance, a proportion of oil. This oil makes its 
appearance in a hard and suetty form, on the surface of the 
gelatinous mass extracted by boiling. It exudes, also, from 
the bones of recent anatomical preparations; and a portion 
of it passes over, in a separate but altered state, when bones 
are submitted to distillation. By this process, bones are 
deprived, not only of their oily part, but the other animal 
substances which they contain are decomposed; a quantity of 
carbonate of ammonia is generated; and in the retort there 
remains the earthy ingredients blackened by charcoal. By a 
farther combustion in the open air, this charcoal is destroyed ; 
and the earthy ingredients are left in a perfectly white state. 
In this way large quantities of bones are distilled for the sake 
of the carbonate of ammonia, which is afterwards applied in 
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making the muriate of ammonia. The animal oil (formerly 
used in medicine, under.the name of Dippel’s oil) is now, on 
account of its offensive smell, which unfits it for most other 
purposes, chiefly converted into lamp- -black. 

When diluted muriatic or nitric acid is poured upon ‘the 
white ashes of bones, an effervescence takes place, and nearly 
the whole is dissolved. Solution of pure ammonia, added to 
the filtered liquid, precipitates a white earth in great abund- 
ance; but after it-has ceased to produce any effect, the addi- 
tion of carbonate of ammonia occasions a fresh precipitation. 
‘What is thrown down by the pure alkali is composed of phos- 
phate of lime and a small quantity of phosphate of magnesia ; 
and the precipitate by the mild alkali is the carbonate of lime. 
The proportions, deduced from the analysis of ox-bones by 
Fourcroy and Vauquelin, are the following: 


Antal matter ie i. See ae 
Phosphate of lime...... eer 
Carbonate of lime........ 10 
Phosphate of magnesia.... 1.3 


eee 
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Human bones were found by Fourcroy and Vauquelin (who 
have given a good general formula for the analysis of bones”) 
to contain some iron and manganese, and a larger proportion 
of magnesia than exists in the bones of herbivorous quadru- 
peds. ‘This, indeed, might have been expected from the 
large quantity of magnesia, which is constantly passing off 
in human urine, but not in that of other animals. Alumine 
and silex were, also, found, by the same chemists, in human 
bones. Hildebrandt, however, has lately analyzed human 
bones, without being able to discover magnesia in them.+ 

Besides the above ingredients, Mr, Hatchett discovered in 
bones a minute quantity of sulphate of lime; and Berzelius 
has detected a combination of fluoric acid with the same 
earth, which Morocchini had previously found in enamel. 
Berzelius has given the following tabular view of the results 
of his analysis. 


* 72 Ann. de Chim. 282. tT 83 Ann. de Chim. 199. 
} Annales de Chimie, |xi. 257. 
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Human teeth are composed of the same ingredients as the 


enamel, and in the same proportion, except that in addition 
to other ingredients, they contain cartilage. This cartilagi- 
nous basis Mr. Hatchet found to remain. in. the original 
shape of the tooth, after removing the other component parts 
by diluted nitric acid. The enamel, on the contrary, dissolves 
entirely in diluted nitric acid, and is, therefore, free from car- 
tilage. But it probably contains gelatine, and to the solution 
of this animal substance (which is not afterwards precipitable 
by alkalis) may perhaps be ascribed the loss, which forms 
part of the following results of the analysis of enamel ob- 


tained by Mr. Pepys. He found the enamel of human teeth 


to consist of 


Phosphate of lime.... 0.6. e+e. 78, 
Carbonate of lime...........64- 6 
Loss and Watericcsce eds ose es oe LG 
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* The substance of the teeth Mr. Pepys found to be com- 
posed as follows: 
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_ The shells, with which several marine and also some land 
animals are covered, have been divided by Mr. Hatchett into 
two classes. The first, from their resemblance to porcelain, 
he has termed porcellaneous shells. ‘To this class belong the 
several species of voluta, cypreea, &c. ‘The second class ap- 
proach in their characters to mother of pearl. The shell of 
the fresh water muscle, and of the oyster, may be arranged 
under this head; and pearl itself has the same characters and 
chemical composition. Comparing the experiments on both 
classes, Mr. Hatchett coricludes that porcellaneous shells con- 
sist of carbonate of lime, cemented by a very small portion 
of animal matter; and that mother of pearl and pearl do not 
differ from these, except in containing a smaller proportion 
of carbonate of lime. This, instead of being merely ce- 
mented by animal matter, is intermixed with pd serves to 
harden'a membranous or cartilaginous substance which is ca- 
pable of retaining its form, after the removal of the earthy 
ingredient. 

“The covering of crustaceous animals (as echini, star-fish, 
lobsters, crabs, &c.) differs in composition from marine shells, 


and approaches that of the eggs of birds. The shells of 


egos, Mr. Hatchett found, are composed of carbonate of 


lime, with a small proportion of phosphate of lime, cemented 
by animal matter. Wauquelin has lately added, to these 


ingredients of egg-shells, carbonate of magnesia, iron, and 


‘sulphur. i 


Horn differs essentially from all the eae that have 
been described in this section. The’ proportion of earthy 


matter obtained by its combustion, scarcely amounts to 54, 


part. It appears to consist age ail AE of gelatine and coa- 
culated albumen. 


Of Cartilage. 


~Cheyreul has analyzed the cartilage of the squalus pere- 
grinus. He found it to be sparingly soluble in water; the 
solution.was viscid; foamed on agitation ; restored the colour 
of reddened litmus ; and was precipitated by sulphuric, nitric, 
or muriatic acid, an excess of which re-dissolved the preci- 


% 81 Ann. de Chim. 304. : 


SECT. VII. RONES. 483 


pitate. Chlorine occasioned a deposit, as did also the pro- 
nitrate of mercury and the sub-acetate of lead. Infusion of 
galls produced only a slight cloud. 

When boiled with alcohol, the cartilage shrunk in bulk, 
and became opaque by losing water. The first-washings had 
the colour of ammoniuret of copper, and deposited an animal 
matter. From the residue of the evaporation of these wash- 
ings, hydrate of lime disengaged a large quantity of am- 
monia. 

Cartilage dissolved in muriatic acid, and the solution was 
precipitated by infusion of galls. Nitric acid dissolved it,‘and 
when evaporated, gave oxalic acid, nitrate of soda, a yellow 
matter, different from that of Welther, and an odorous oil. — 

By destructive distillation, it gave the ordinary products 
of animal substances, 


Rae 


SECTION VIL. 
_ Of Muscle, Membrane, Tendon, Ligament. 


Tae muscular flesh of animals consists chiefly of the pe- 
culiar substance, which has been already described under the 
name of Fibrin. Though generally of a reddish colour; yet, 
essentially, muscular fibre is white, and may be obtained in 
this state, if all the soluble parts be first washed away by 
long continued affusions of water, which acquire a dark co- 
four. The solution, if concentrated by boiling, gelatinates 
on cooling; and hence gelatine appears to be one of the con- 
stituents of muscle. Albumen is another ingredient, and 
makes its appearance by a deposition of coagulated flocculi 


in the heated watery solution. A portion of fat, also, fre- ‘ 
quently concretes on cooling; but this is to be considered i 
rather as an accidental Sdeni chive. From the gelatine, when 4 


evaporated to dryness, alcohol removes a peculiar kind of 
extract, soluble in water and in alcohol, and first described { 
by Thouvenel. The entire muscle, when calcined, leaves 
about 5 per cent. of its weight of saline matter, composed 
chiefly of phosphates of bode, aminonia. and lime, and car- 
-bonate of lime, 
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-- Lean flesh, Berzelius finds, is composed of nearly three- 
fourths its weights of fluid. ‘This fluid contains a free acid; 
and the extract, which Thouvenel described, is the same acid 
syrupy mass, which is met with in milk and urine, and which 
consists of lactic asid, an alkaline lactate, and the animal 
matter, that always accompanies the lactates.. ‘The fluids of 
rauscle abound much more in this syrupy extract, and contain 
mere phosphate of soda, than the blood. The solid fibre is 
interwoven with the cellular texture, and is furnished with 
minute veins and nerves. It agrees, in chemical properties, 
with the fibrin of the bloed; and it is soluble, except the cel- 
lular texture of veins and nerves, in acetic acid. By boiling 
it becomes, like the fibrin of blood, insoluble in acetic acid, 
and imparts to the’water, with which it has been boiled, a 
constituent part, which has a strong and pleasant taste of 
flesh, and cannot be gelatinized. When this is dissolved, and 
mixed with the uncoagulated part of the humours of the 
flesh, it forms what is called broth, the strength and taste of 
which depend, not only on the dissolved gelatine of the cellular 
texture, but also on the fibrin, the taste of which it retains. 
The taste does not depend on the extractive matter of ‘Thou- 
venel; for flesh, from which this extract has been separated, 
still gives a palatable though colourless soup. 

Sadat sditaranipost exist in the colour and other. pro- 
perties of the muscular flesh of different animals; but the 
cause of these differences is not well understood. It depends, 
most probably, on the proportion which the fibrin, albumen, 
and other principles bear to each other.  Gelatine appears to 
be most abundant in the flesh of young animals; and albumen 
and extract in that of old ones. : 

The tendons, or sinews, as they are commonly called, are 
the stong cords in which muscles terminate, and which con-_ 
nect them with the bones.. They differ from muscle in the 
total absence of fibrin; and in being completely soluble in 
water by sufficiently long boiling. The solution has the pro- 
perties of gelatine. 

The ligaments are excessively strong bitda, which tie the 
bones together at the different joints. ‘They are in.a great 
measure, but not completely, soluble by boiling water; and. 
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contain, therefore, beside gelatine, some other animal sub- 
' stance, probably coagulated albumen. 

Membranes are thin semi-transparent substances, which 
sometimes form bags for containing fluids, and sometimes 
line the different cavities of the body. They are for the most 
part, though not entirely, soluble in water; and are com- 
posed, therefore, chiefly of gelatine. Hence by the common 
process of tanning, membranes are convertible into leather. 
There is an essential difference, however, between cellular or 
serous membranes, and mucous membranes. The latter fur- 
nish no gelatine by boiling; and are sooner destroyed than 


any animal substance, the brain excepted, by maceration in. 


water, or by the action of acids. 


| , 
SECTION VIII. 


Of the soft Coverings of Animals, viz. Nails, Scales, Skin, 
Hair, Feathers, and Wool. 


TueE nails and hoofs of animals most nearly resemble horn 
‘in chemical composition. Their basis seems to be a series of 
membranes composed of coagulated albumen, in which is 
deposited a quantity of gelatine. Long boiling does not en- 
tirely dissolve them. By calcination they Here any a very 
small proportion of earthy matter. | 

The scdles of serpents also resemble horn in their chemical 
composition and properties. ‘The scales of ‘fish, on the con- 
trary, are ‘more nearly analogous to mother of pearl, and are 
composed of alternate layers “of membrane and phosphate of 
lime. 

The skin consists of two idence parts, a tough white mem- 
brane on the outside which is almost insensible, and an in- 
ternal one, full of blood vessels and nerves, and distinguished 


by g great sensibility. Between these two, in the human body, | 


is a soft mucous substance called rete mucosum. 

1. The external layer, called the cuticle, or epidermis, is best 
separated from the parts beneath by the action of a blister. It 
*is not soluble in water, nor in acids, unless they a are sufficiently 
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concentrated to decompose it. Hence it differs from gelatine. 
Alkalis however dissolve it; and, in this respect, it agrees 
with coagulated albumen, which it resembles, also, in receiving 
a yellow tinge from nitric acid. 

2. The cutis vera, which lies beneath the cuticle, consists of 
a number of fibres crossing each other in various directions, 
and has considerable firmness and elasticity. Long continued 
boiling in water entirely dissolves it, and a solution is obtained | 
which gelatinates on cooling, or, by farther evaporation, may 
be wholly converted into glue. 

The true skin is composed, therefore, almost entirely of 
gelatine; but under some modification which renders it inso- 
luble in water. It is this substance that adapts the skins of 
animals for two important uses, that of being converted into 
leather by the reception of the cepietene principle, and that of 
furnishing glue. 

g. OF the rete mucosum very little i is known. It is that part 
of the skin, on which its colour depends; and by the suffi- 
ciently long continued application of chlorine gas, it has been 
found that j in the negro it may be ae but not perma- 
nently, deprived of its colour. 

Hair has been examined with considerable attention by” 
Vauquelin. He effected a complete solution of it in water by 
using a Papin’s digester. ‘The application of the proper tem- 
perature required, however, some caution; for if raised too 
high, the hair was decomposed and gave carbonate of am- 
monia, empyreumatic oil, and sulphureted hydrogen. ‘The 
solution always contained a sort of bituminous oil, the colour 
of which approached to that of the hair which had been 
dissolved. After separating this oil, the solution ‘was pre- 
cipitated by infusion of galls and by chlorine; but did 
not gelatinate on cooling. Acids occasioned a precipitate, 
which was re-dissolved by adding more acid. Silver was preci- 
pitated from its solutions of a black colour, and lead of a brown. 

A diluted solution of potassa dissolved hair, excepting a 
little oil, sulphur, and iron; and the compound waé a sort of 
soap. The oil, if red hair was employed, had a yellow tinge. 
Alcohol, also, extracted from hair a portion of oil, the inns } 
of which varied with that of the hair. 

‘The coal, obtained by incinerating hair, afforded phos- 


SECT. VIII. SILK. 487 


phate, sulphate, and carbonate of lime, muriate of soda, silica, 
magnesia, and oxides of iron and manganese. ‘The whole of 
these substances bore a very small proportion to the hair, and 
varied in hair of different colours. Hair, therefore, appears 
to consist chiefly of an animal matter resembling coagulated 
albumen; of an oil of various colours ; ‘of Kalptiany silica, 
carbonate and phosphate of lime; and oxides of iron, and 
manganese. 

Feathers probably agree in jeouiposttion with hair. ‘The 
quill, Mr. Hatchett has shown, consists of coagulated albumen 
without any gelatine. 

Wool has not been so much the subject of experiment, as 
from its great importance it deserves. What is known res~ 
pecting it may be found in Bancroft’s and Berthollet’s 
Treatises on Dyeing. When growing upon the sheep, it is 
enveloped in a soapy matter, from which it requires to be 
cleansed before it is manufactured. 


Braconnot has shown that by the action of sulphuric acid, . 


wool is converted into the peculiar substance called leucine. 
The ultimate analysis of wool has been performed by Dr. Ure, 
who finds it to consist of 
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Silk, the production of various species of caterpillars, and 
used as the soft covering of the insect during its chrysalis state, 
is in fine threads, covered with a sort of varnish. This varnish 
is soluble in boiling water, but not in alcohol; it resem- 
bles gelatine in being precipitable by tan and muriate of tin, 
but differs from it in other respects. It may be separated 
also from silk by soap, and by soap leys. It amounts, accord- 
ing to: Roard, to 23 per cent. of the weight of the silk. (Ann. 


de Chim. Ixy.) Raw silk, also, contains a portion of wax, 


which dissolves in boiling alcohol, and separates as the alcohol 
cools. i 
Silk cleansed from these substances has been but imperfectly 
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examined. It is insoluble both in water and in alcohol, but — 
dissolves in pure alkalis and concentrated acids. By the action 
of nitric acid, it yields the peculiar substance described under 
the name of the bitter principle. 

Dr. Ure submitted the bleached Bin es of silk to decompo- 
sition by peroxide of copper, and obtained the following re- 
sults. (Phil. Trans. 1822.) 
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SECTION IX. 


Of the Substance of the Brain. 


TuE medullary matter of the brain and nervous system ap- 
pears to differ from all other organized substances. Tt was 
first examined by M. Thouret, with a view to explain why the 
brain was exempted from the change, observed in the bodies 
which were interred in the Cimetiére des Innocens. Fourcroy 
afterwards added many important facts, and corrected M. 
Thouret in several particulars; and Vauquelin has published 
an elaborate set of experiments on the same subject.* 

The medullary substance of the brain is of a soft consist- 
ence, and forms, when agitated with water, a sort of emulsion, 
that passes through the finest sieves. ‘This fluid is coagulated 
by a temperature of 160°,’and a quantity of a substance re- - 
sembling albumen is separated, ‘Ihe same coagulation is pro- 
duced by acids; but the coagulum differs, in several respects, 
from that which takes place from the serum of the blood. On 
being boiled with alcohol, it loses about -6, of its weight; but 
one third of the portion, which has been dissolved, is again 
deposited on cooling in the form of shining crystalline plates, 
resembling those which are obtained from biliary calculi, from 

« 


* Thomson’s Annals, i, 332. 
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-spermaceti, or from adipocire; but differing from those sub- 
stances in requiring a higher temperature for its fusion. It 


stains paper like a fixed oil, is soluble in 20 times its weight - 
of boiling alcohol; and is miscible with water into a sort of 


Minleiand from which it does not separate.on standing, and 
which is not acid. From the results of its combustion, both 
alone and with nitre, Vauquelin infers that it contains uncom- 
bined phosphorus. 

Alcohol, by digesting with brain, acquires a greenish colour, 
which it retains even after filtration. By evaporation to one- 
eighth its bulk, it deposits a yellowish oily fluid, and the liquor 
itself is yellowish. When repeated quantities of alcohol are 
digested on the same portion of brain, the alcohol is tinged 
a sapphire blue colour. These colours remain, till the whole 
alcohol is expelled by heat, when the residuary matter acquires 
a vellow tinge, of greater or less intensity. The latter por- 
tions of alcohol do not, like the first, deposit oil on standing. 

‘The liquid oil after being washed with water, and evapo- 
rated to dryness at a gentle heat, has a reddish brown colour, 


and a smell resembling that of the brain itself, but stronger. 


Its taste is like that of rancid fat. It forms, with water, an 
emulsion, .which is coagulated by the addition of acids, and 
by infusion of tan. It is soluble in hot alcohol; and the 
greater part separates on cooling. ‘Though fteed from all acid 
by washing, yet it furnishes phosphoric acid by being burnt 
either alone or with nitre; and hence we must admit the pre- 
sence of phosphorus in this fatty matter, as well as in the 
crystalline substance. From the latter, indeed, it appears to 
differ only in containing.a quantity of animal matter, which is 
separable by cold alcohol. ice 

The alcohol, from which the fatty matter has separated, has 
a yellow colour, a taste of the juice of meat, and gives marks 
of acidity. It contains super-phosphate of potassa, and a 


- 


peculiar animal matter, which, by its solubility in cold alcohol’ 


and water; by its property of being precipitated by infusion 
of galls; by its reddish brown ees its deliquescence, its 
taste and smell of the juice of meat, may be regarded as iden- 
tical with the substance, which Rouelle formerly called sapo- 
naceous extract of meat, and to which Thenard has given the 
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name of Osmazome. It is this substance which tinges the fatty 
matter, extracted from brain by alcohol. 

The portion of brain, which remains after the full action of 
alcohol, is a greyish white matter in the form of flocks, which 
resembles ¢heese externally. In drying, it assumes a grey 
colour, a’semi-transparency, and a fracture similar to that of 


» 


gum-arabic. It appears, as Fourcroy supposed, to. be per-_ 


fectly,identical with albumen; and it is this ingredient, which 


occasions the coagulation of brain, when mixed with water, 
by heat, acids, metallic salts, &c. The alkaline solution of 
this part of brain precipitates acetate of lead of a dark brown 
colour, showing obviously the presence of sulphur. 

The medulla of the brain, when exposed to the air, soon 
undergoes spontaneous decomposition; and evolves an acid, 
before it passes to the putrid state; but under water it may be 
kept a long time without any change. Nitric acid does not 
produce the same effects upon it, as on other animal sub- 
stances. No nitrogen is separated; but, when the temperature 
is raised, a large quantity of carbonate of ammonia is disen- 
gaged, and oxalic acid is found in the retort. 

Diluted sulphuric acid partly dissolves brain, and coagulates 
another part. ‘The acid solution becomes black when con- 
centrated by evaporation; sulphurous acid is generated; and 
crystals are formed which consist of sulphate of ammonia. 
Besides this salt, sulphates of ammonia and lime, phosphoric 
acid, and phosphates of soda and ammonia are found in the 
liquid. 

When brain is dried at the temperature of boiling water, it 
coagulates and some water separates from it. When distilled 
in close vessels,¥ ammonia is disengaged: which, uniting with 
carbonic acid, formed at the same time, composes carbonate, 
of ammonia. A portion of oil is obtained also, and sulphureted 
and carbureted hydrogen gases are formed. In the retort a 
coal remains which affords traces of phosphates of lime and 
soda. 

The mass of brain, as appears from the experiments of 
Vauquelin, is composed, therefore, of Ist, two fatty matters, 
which are probably identical; 2dly, albumen; $dly, osma- 
zome; 4thly, different salts; and, among others, phosphates 
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of potassa, lime, ‘and ‘ehuigniesta) idl a little common salt; 
5thly, phosphorus; 6thly, sulphur. The following is to be 
considered merely as an approximation to their itil * 
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CHAPTER XIV. 


OF CHEMICAL ANALYSIS. 


eos Z 


SECTION I. 


Of the Analysis of Mixed Gases. 


Havine already, in former parts of this work, enumerated 
the properties common to the whole class of gaseous bodies,” 
and: described the apparatus required for submitting them to 
experiment;+ and having also given the chemical nieieey of 
each individual gas, it would be equally tedious and useless to 


enter, in this place, into minute details respecting them. Nor 


could it serve any useful purpose to frame rules for analyzing 
every possible mixture of gaseous substances; for, out of 
nearly thirty gases, the number of such combinations would 
be extremely numerous, and many of them are not at all likely 
to occur. ‘The rules, too, themselves, would be unnecessary 
to those who are qualified to undertake researches into this 
difficult part of experimental chemistry. . All, therefore, that 
I shall attempt, will be to lay down a few simple directions for 
discriminating the several gases, and for analyzing such mix- 
tures of them, as are occasionally formed by chemical processes, 
or are presented to us by nature. 

There are two fluids which are used to confine gases for the 
purpose of examination and analysis, viz. mercury and water. 
Upon the former, very few gases act sufficiently to interfere 
with its fitness for retaining them unaltered. Chlorine and 
nitrous acid gases are the principal exceptions to this remark ; 
for they are both speedily condensed by mercury ; and sul- 
phureted hydrogen acts also upon that metal, though not in 
the same degree. With the exception, however, of nitrous 
acid gas, those aeriform substances that cannot be kept over 
mercury may, in general, be preserved over water, especially 


* Vol. 1/p,ao8..) t Vol. i. p, 14. 


ER i Py 


SECT. I. ANALYSIS OF .MIXED GASES. 493 


if its temperature be raised to 65° or’70° Fahr.; at least they 
may be kept long enough to enable us to examine their pro- 
pertics, and their proportions in any mixture. 

The two following Tables exhibit a view of the different 
gases, and the fluids best adapted for preserving them. 


I. Gases which are best confined by Mercury. 
Oxides (supporters of 


Combustion.) Combustible. Acid Gases. 
Protoxide of chlorine Ammonia Muriatic acid 
Peroxide of ditto. Cyanogen. Hydriodic do. 

Sulphurous do. 


Fluoboric do. 
Fluosilicic do. 
Carbonic do. 
Chloro-carbonic do. 


II. Gases confinable by Water. 


MoE deabuacidh ss: enacts Lconnvae 
Oxygen Hydrogen _ Nitrogen 
Chlorine . Carbureted*do. Carbonic acid. 
Nitrous oxide Olefiant do. 
gas, Phosphureted do. “ 
Bi-hydruret of phos- 
phorus. 


Sulphureted do. 
» Tellureted do. 
Arsenureted do. 
Selenureted do. 
Carbonic oxide. 


Examination of Gases confinable by Mercury. 
I. When we have a quantity of any unknown gas standing 
over mercury, it is desirable first to ascertain in ane propor~ 
tion it is capable of being absor bed by.water. For this pur- 


pose.a small quantity of water, not exceeding 1-80th or 1-100th 


of the volume of the gas, may be admitted to a portion of it 
contained in a graduated tube. If the whole gas rapidly dis- 
appear, and its place be filled with mercury, it must have con- 
sisted of one or more of the following gases: 
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Ammonia, of which 1 vol. water absorbs 670: vols, 
' ©. Fluoborie acid, ——_—— ~ 700 
Fluosilicie, ———-—__-—___ 260 


Hydriodic, toi Salar egaae + 500 
Muriatic, ee Sn ae !' 4.80 


Sulphurous-acid, being soluble only to the extent of about 


33 times the volume of the water, is not taken‘up with so much’ 


rapidity, or by so small a proportion. of water as the other five 
gases. _ Protoxide and. peroxide of chlorine are, still less 
absorbabbas for of each of these, water condenses only about 
eight volumes. : 
II. To determine whether the gas has acid or alkaline pro- 
perties, a small slip of: litmus paper may be first introduced 
into it. If it be reddened, the gas must be acid; if not 
changed, a slip either of litmus paper reddened by vinegar, or 


of turmeric paper, may be passed up, when the alkaline nature 


of the gas will be indicated by the usual change of colour to 
blue or brown. Acid and alkaline gases cannot both. exist 
together in the same mixture, as they immediately condense 
each other into a solid form, 


II. Ammonia, when indicated by the colour tests, may 


either be pure, or may be mixed with cyanogen, or perhaps 
with one of the oxides of chlorine? (a) If pure, it will en- 
tirely disappear by contact with 1-100th its volume of water. 


(b) If any portion be left unabsorbed, let it be agitated with a 


little liquid potassa, and if an absorption now take place, pass 
up a small quantity of solution of per-sulphate of iron with an 
excess of acid. Cyanogen will be indicated by the blue colour 
of the liquid. (c) The oxides of chlorine will be distinguished 


by their greenish yellow colour, by their smell, and by their 


power of supporting combustion, without exhibiting the 
characters belonging to oxygen, chlorine, or the oxides of 
nitrogen. 


Acid Gases. 


IV. Of the acid gases, there are four, which, when suffered 
to escape into the atmosphere, produce a dense white smoke, 
owing to their powerful attraction for aqueous vapour. ‘These 
are ‘He muriatic, fuoboric, fluosilicic, and hydriodic acids. 

V. A property common to all the powerfully acid gases, viz. 
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‘the fluoboric, fluosilicic, hydriodic, muriatic, and sulphurous, 
is, ‘that they are absorbed by fragments of borax, which salt 
has no action on either of the oxides of chlori ine, or on car- 


_bonic or chloro-carbonie acids, . 


(a) Ifthe borax, ‘after being thus exposed, be pawdured and 


strongly heated with a little charcoal, and the product be then - 


moistened with water, or with diluted muriatic acid, the pre- 
sence of sulphurovs acid will be indicated by a smell of sul- 
phureted hydrogen. 

(b) Ifthe gas, which has been panes by the borax, be 
muriatic acid, on dissolving the ‘salt in water and adding nitrate 
of silyer, a precipitate*will appear, .which will be soluble in 
liquid ammonia, and insoluble in diluted nitric acid. This 
precipitate, after being well washed, dried, and fused, will, 
for every 100 grains, indicate 24.5 grains of chlorine, equie 
valent to very nearly 25.1 grains, or 64 cubic inches of the 
acid gas.. 


VI. "A test of the presence of sulphurous acid, which ante 


upon that gas, but not on the other acid gases, is the peroxide 
of lead. According to Dr. Thontison, it may be employed to 
“absorb sulphurous acid from the other acid gases. =» 

VII. The mixture of acid gases which is likely most fre- 
quently to occur, is that of muriatic and sulphurous acids, or 
one of them, with carbonic acid. | 

(2) From a measured portion of a mixture of these three 
gases contained in a graduated tube, the muriatic acid gas will 
be absorbed by 1 1-50th its bulk of water. 

(b) From another portion of the mixture, contained in a 
similar tube, peroxide of lead will absorb the sulphurous acid 
only. 

(c) From a third portion, both the muriatic and sulphurous 
acids will be absorbed by fragments of borax, leaving the car- 
bonic acid separate. 

The volume of the three gases, thus determined, ought, if 
the analysis be correct, to make up a sum total, equal to that 
of the mixture. 

VIII. Hydriodic, fluoboric, fluosilicic, and chloro-carbonic 
acid.gases are of such rare occurrence, that it may be suffi- 


_ cient to point out a few tests by which they may be discrimi- 


nated. 


F 
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(a) If a little chlorine be passed into a gas containing 
hydriodic acid, a violet-coloured cloud will be- immediately 
produced, the chlorine seizing the hydrogen of the acid gas, 
and detaching purple vapours of iodine. 

(6) When borax has been made to absorb hydriodic acid gas 
without any admixture of muriatic acid, its solution in water 
precipitates nitrate of silver; but the precipitate is insoluble 


- in ammonia, and by this property it may be separated from 


chloride of silver. 

(c) A slip of white paper introduced into a gas over mercury, 
betrays the presence of iwoboric acid gas, by being immediately 
blackened. 

(d) Fluosilicic acid gas is manifested by its producing’ minute 
white flakes of silica, in a portion of water which has absorbed 
any considerable quantity of the gas. 

(e) Chloro-carbonic aciul is decomposed by contact with 
water; muriatic acid is formed and remains in solution. Car- 
bonic acid is also produced, equal in volume to the original 
gas, and may be made pe ans by first saturating the mu- 
riatic acid with a little ammonia,’ and then adding ee eich 
which will form a white precipitate. "bi 


3 


' Gases confinable by Water. 


$ 


IX. All gases are more or less absorbable by water, but 
some of them are taken up to a much greater amount, and 
with much less agitation, than others. It affords, indeed, 
some insight into the nature of a gas, to ascertain the pro- | 
portion in which it is capable of being absorbed by water. 
The water employed for this purpose should have been 
deprived, as completely as possible, of its air by long boil- 
ing; and should have been cooled out of contact with atmo- 
spheric air. The best method of applying it, is by means 
of a caoutchouc bottle and tube, resembling that represented 
plate ii. fig. 21; but’ the tube, as well as the bottle, should 
be much deisel than are commonly ‘sae to wie ieeR 
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Water absorbs, 4 


Chlorine gas, 
Twice its vol. of { Sulphureted hydrogen, 
Selenureted hydrogen. 
Nitrous oxide, 
Carbonic acid. 
Olefiant gas, 
Bi-hydruret of phosphorus. 
Nitrous gas, 
Oxygen gas. 
Phosphureted hydrogen, 
Tellureted hydrogen. 
r Nitrogen, 
Hydrogen, 
| Carbureted hydrogen, 
Arsenureted hydrogen. 


An equal vol. of { 
One-eighth its vol. of 
gth to =j,th its vol. of 


ath to 41,th its vol. of { 
_ sisth to z1,th its vol. of 


It is necessary, however, to observe that considerable 
differences in the absorbability of gases are produced by 
their mixture with each other. ‘The information, therefore, 
which can be thus obtained, is only of a very general kind, 
and must in no case supersede the application of other methods 
of analysis. 

X. The effect of the watery solution of any gas upon the 
colour tests should next be examined. All the stronger acids, 
it has already been stated, redden litmus. ‘The same effect is 
produced, though less readily and distinctly, by cyanogen, 
carbonic acid, sulphureted hydrogen, and tellureted hydrogen. 
Chlorine destroys vegetable blues; and the oxides of chlorine 
first redden litmus, and then destroy its colour. The other. 
gases, which are permanent over water, do not affect vegetable 
colours. 

XI. When the quantity of a gas is sufficient to enable us 
to determine its specific gravity, we obtain a datum of great 
importance for determining its nature. This is best done in 
the manner already described, vol. i. p.19. ‘The specific gra- 
vity found by experiment may be compared with those of the 
gases exhibited in the Table, vol. i. p. 140. ; 

XII. Of the gases, which are capable of existing at com- 
VOL. II. 2% 
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mon temperatures over water, two only are distinguished by 
being themselves coloured. Chlorine is yellowish green, and 
nitrous acid gas of an orange red; but the latter is so quickly 
absorbed by water, that its colour can only be seen, when first 
formed by the mixture of nitrous and oxygen gases. 

XII. The odour of gases discriminates several of them. 
Oxygen, hydrogen, nitrogen, and both the varieties of car- 
bureted hydrogen, if pure, have little or no smell. All the 
rest have characteristic odours. That of chlorine is peculiar, 
and very suffocating; that of nitrous gas can only be perceived 
in a state of mixture with the air already present in the nos- 
trils, with which it forms nitrous acid. All the other com- 
pounds of hydrogen have powerful and generally disagreeable 
odours. , 

XIV. The gases, which are absorbed by liquid potassa, are 
cyanogen, chlorine and its oxides, carbonic acid, and sulphu- 
reted, tellureted, and selenureted hydrogen. ‘Those acid 
gases, that are permanent only over mercury, are of coursé 
copiously soluble in liquid potassa, but they are not expelled 
again, like the gases which have been enumerated, by nae 
the stronger liquid acids, : 

XV. A leading distinction among gases permanent over 
water, is into such as are capable of supporting combustion 
(that of a wax taper for example) and such as extinguish flame. 
One of the first experiments then, that should be tried on any 
unknown gas, is the effect of immersing a lighted taper in it. 
In oxygen gas, and in nitrous oxide, the taper will burn with 
great brilliancy: and if blown out, and again plunged into 
either of those gases, the ignited wick will be re-kindled with 
a slight explosion. The same effect is produced by the two 
oxides of chlorine. In chlorine, it burns a short time with a 
dense smoke, and is then extinguished. Nitrous gas does not 
support the flame of a taper, but sulphur and phosphorus con- 
tinue to burn when introduced in a state of. combustion into 
that gas. 


Gases that support Combustion. 


“KVI. Oxygen gas may be recognized in any mixture by 
the action of nitrous gas, which, when mingled with it, pro- 
duces red fumes of nitrous acid and a diminution of volume. 
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With proper attention to the manner of making the mixture, 
and to other circumstances described vol. i. p. 313, the pro- 
portion of oxygen may be thus determined. Oxygen may 
also be measured by combustion with hydrogen, and by other 
processes, which are referred to in the Index, article Eudio- 
meter. 

XVII. Chlorine is discoverable by its yellowish green hue, 
its suffocating smell, and still more distinctly by its power of 
discharging vegetable colours. 

(a) If chlorine be mingled with other gases which are 
incapable of being absorbed by liquid potassa, its separation 
is very simple, and its quantity is determinable by the amount 
of the absorption produced by that liquid. 

(b) Its proportion in more complicated mixtures may be 
ascertained by admitting, to a measured portion of the gas, an 
equal volume of olefiant gas. After standing a quarter of an 
hour completely excluded from the light, a diminution of 
volume will be perceived, the amount of which, divided by 2, 
shows very nearly the quantity of chlorine contained in.the 
mixture. 

XVIII. Nitrous oxide supports the flame of a candle, and 
forms with hydrogen gas a detonating mixture; but nitrous 
oxide is not diminished in volume when mingled with nitrous 
gas, a property which distinguishes it from oxygen. From 
chlorine, it differs in being colourless, and almost free from 
smell, and in being only about half as absorbable by water. 

XIX. Nitrous gas is diminished in volume, dense red fumes 
being at the same time produced, when it is mingled with 
oxygen gas or with atmospheric air. From the amount of its 
diminution under certain circumstances, its quantity may be 
estimated, (See vol.i. p. 311.) Nitrous gas is distinguished, 
also, by the property of being absorbed by the solution of green 
sulphate of iron, and may, by means of that solution, be 
separated froin several other gases. 

XX. Incompatible gases.—Of the gases that support com- 
bustion, oxygen and _ nitrous gas cannot exist together in the 
same mixture, since they mutually condense each other. So 
also do nitrous gas and chlorine, or its protoxide. 

(a) Chlorine and oxygen gases are separable from each other 
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by liquid potassa, which absorbs the chlorine only. “In the 
same way, chlorine may be separated from nitrous oxide. 

(b) Oxygen and nitrous oxide may be separated by a solution 
of nitrous gas in sulphate of iron, which condenses the onygin 
only. 

(c) Nitrous gas may be absorbed from a mixture with nitrous 
oxide, by solution of green sulphate of iron, which acts only 
on the former gas. 


Examination of Combustible Gases. 


XXI. Odour.—Some insight into the nature of these gases 
may be gained from their odour. Hydrogen and its com- 
pounds with carbon are, when pure, nearly free from odour. 
Sulphureted hydrogen resembles the washings of a gun barrel; 
bi-hydruret of phosphorus has a peculiar odour, difficult 
to describe, but resembling that of onions; phosphureted 
hydrogen a similar smell in a still greater degree; arsenureted 
hydrogen that of garlic; tellureted hydrogen resembles sul- 
phureted hydrogen; and selenureted hydrogen has a most 
penetrating smell of horse-radish, and, even in very small 
quantity, excites a painful inflammation of the membrane of 
the nostrils. 
~ XXII. Spontaneous inflammability. — Phosphureted hy- 
drogen is the only gas that takes fire spontaneously, when 
ail to escape into the atmosphere. 

XXIII. Action of pure alkaline solutions. —Sulphureted, 
tellureted, and selenureted hydrogen are the only species of 
inflammable gases that are rapidly absorbed by liquid potassa. 

XXIV. Action of chlorine.—Chlorine acts upon all the 
combustible gases, but with phenomena peculiar to each. 

(2) Both varieties of phosphureted hydrogen inflame sponta- 
neously when brought into contact with chlorine, and, if in 
sufficient quantity, even detonate loudly. | 

(b) Sulphureted hydrogen is immediately decomposed by 
chlorine, and sulphur is precipitated. One volume of the 
inflammable gas requires, for complete decomposition, one 
volume of etinine: 

(c) Olefiant gas is speedily condensed by chlorine into an 
oily looking liquid with an ethereal smell, which floats on the 
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surface of the water. One volume of olefiant gas condenses 
one volume of chlorine. Hence it is easy, by dividing the 
diminution of volume by 2, to estimate the amount of the 
former gas. The olefiant gas should be added to the chlorine 
in a graduated tube shaded from the light,.and about a quarter 
of an hour should be allowed for the full effect to be produced, 
especially if the tube be of small diameter. 

(d) Hydrogen and carbureted hydrogen are not acted upon 
by chlorine, provided the mixture be made and preserved in 
a tube from which all light, both direct and reflected, is care- - 
fully excluded. But the ordinary light of day, and still more 
the direct rays of the sun, falling on the mixture, occasions a 
speedy action of the gases on each other; and if the quantity 
be considerable, and the proportions properly adjusted, an 
explosion often ensues. 

XXV. Action of nitrous gas on inflammable gases.—(a) 
Nitrous gas, beside being acted upon by oxygen, by chlorine 
and its protoxide, and by sulphurous acid gas, is also con- 
densed by phosphureted hydrogen and by sulphureted hydrogen: 
When mingled with the last mentioned gas, the decomposition 
is slow, sulphur is deposited, and ammonia and nitrous oxide 
are formed. 

(b) On hydrogen and both the varieties of carbureted 
hydrogen, nitrous gas has no action at common temperatures. 
It may, therefore, be employed to determine the proportion of 
oxygen in a mixture of oxygen gas or atmospheric air with 
any of those three gases, according to the rules given vol. i. 
p. 313. | 

XXVI. Action of tite-solution of sub-chlorule (oxymuriate) of 
lime.—This solution, Mr. Da'ton finds, absorbs phosphureted 
hydrogen, converting it into phosphoric acid and water, but 
has no action on simple hydrogen. It is probably inefficient, 
also, on the two varieties of carbureted hydrogen. 

XXVIII. Solutzons of acetate of lead and nitrate of mercury. 
—These solutions, even when heated to 120° Fahrenheit or 
upwards, absorb sulphureted hydrogen, but do not affect the 
other combustible gases; nor do they, at that temperature, 
act on carbonic acid. A similar property belongs also to car- 
‘bonate of lead precipitated by carbonate of ammonia from a 
cold solution of the acetate. In all these cases, a copious 
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black precipitate is formed, consisting of the sulphuret of lead 
or of mercury. The use of carbonate of lead in separating 
sulphureted hydrogen from other gases, I find to be susceptible 
of great precision (Ann. of Phil. xv. 35), and at p. 442, vol. i. 
I have shown that it is capable of detecting one part of sul- 
phureted hydrogen when mixed with 20.000 of any other gas. 


Such are the principal agents required in operating on the 
inflammable gases. By using them in succession, considerable 
progress may be made towards the analysis of mixtures of 
these gases. It may be proper to add a few rules for distin- 
guishing the individual gases of this class, and estimating their 
quantities. 

XXVIII. Tellureted, potassureted, selenureted, and arse- 
nureted hydrogen are of such rare occurrence, that it may be 
sufficent to enable the experimenter to recognise them, if a 
few of their leading characters are here enumerated. 

(a) Tellureted hydrogen is absorbed by liquid potassa, but 
not by acetate of lead. It is decomposed when mixed with 
chlorine, and if that gas be transmitted through the solution 
of tellureted hydrogen in liquid potassa, the liquid acquires 
the property of forming a white precipitate with alkaline car- 
bonates, and a black one with hydro-sulphurets. (Children’s 
Translation of 'Thenard, p. 25.) 

(b) Potassureted hydrogen is instantly decomposed when 
brought into contact with water; hydrogen is liberated; and 
potassa formed. 

(c) Arsenureted hydrogen has a nauseous smell, is sparingly 
soluble in water, is not absorbed by liquid potassa, but is 
instantly decomposed by chlorine, and condensed into a liquid, 
from which water, impregnated with sulphureted hydrogen, 
throws down a yellow flakey precipitate. When mingled with 
gases that support combusticn, it is discoverable by intro- 
ducing a lighted taper into a tube filled with the gas, the sides 
of which will be immediately covered with a chesnut brown 
hydruret of arsenic. 

(d) Selenureted hydrogen may be recognized by its éddtn 
(xxi.) by its absorbability by water, with which it affords a 
solution that in a few minutes becomes opalescent, reddish on* 
the surface, and then deposits selenium. ‘The watery solution 
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reddens litmus, has an hepatic flavour, and gives a permanent 
brown stain to the skin; but by keeping is entirely decom- 
posed. 

X XIX. The mixtures, which may be expected most fre- 
quently to occur, of combustible gases with each other, are 
those of hydrogen, sulphureted hydrogen, carbureted hydro- 
gen, olefiant gas, and carbonic oxide, occasionally with small 
proportions of nitrogen or carbonic acid gases. 

Of these gases there are three, which may be removed from 
such a mixture by very simple processes, vz. sulphureted 
hydrogen, carbonic acid, and olefiant gas. 

(a) Sulphureted hydrogen may be absorbed, as already 
directed, by solution of acetate of lead, or by carbonate of 
lead fresh precipitated from the acetate, and diffused. through 
a small quantity of water. Neither of these substances acts on 
carbonic acid or olefiant gases. 

(b) After having thus removed the sulphureted hydrogen, 
liquid potassa will absorb the carbonic acid, and will indicate 
its quantity by the amount of the absorption. 

(c) Or we may act on one portion of the entire gas with 
potassa, and on another with acetate or carbonate of lead. 
The latter, affecting only the sulphureted hydrogen, we may 
deduct the absorption it produces, from the total absorption 
by potassa, and the remainder will show the proportion of 
carbonic acid. For example, if the absorption by potassa be 
10 measures, and by lead 2, then 10 - — 2 = 8 shows the car- 
bonic acid. : 

(d) Olefiant gas mixed with one or more of the following 
gases, viz. hydrogen, carbureted hydrogen, carbonic oxide, or 
nitrogen, may be detected and estimated as follows. Into a 
graduated tube about 3-10ths of an inch in diameter, pass 

, 25, or 30 measures of chlorine, observing its quantity 
when actually in the tube, which is then to be shaded from 
the light by an opake cover of tin or pasteboard. .To the 
chlorine pass up 50 measures of the gas under examination ; 
let the mixture stand 10 or 15 minutes; and then gradually 
raise the cover till the surface of the water within the tube 
appears. Note the diminution, and divide its amount by 25 
which will give the quantity of olefiant gas. 

(e) Wash the residuum of the process (d) with i potassa. 
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This will absorb any redundant chlorine. The mixture may 
now contain one or more of the following gases, viz. hydrogen, 
carbureted hydrogen, carbonic oxide, and nitrogen. 

XXX. To analyze exactly mixtures of bition, carbureted 
hydrogen, carbonic oxide, and nitrogen, is a problem of con- 
siderable difficulty. If an approximation be all that is wanted, 
it may be obtained by the following method: Fire a small 
volume in a Volta’s eudiometer over mercury, with 1.5 or 2 
volumes of oxygen gas, the degree of whose purity has been 
previously ascertained, and which must be employed in a pro- 
portion somewhat exceeding what is necessary for saturating 
the inflammable gas. Note the amount of the diminution after 
firing; then admit liquid potassa to the gas, and observe how 
much is absorbed; and ascertain the proportions of oxygen 
and nitrogen in the residue, by processes which will be pre- 
sently caddibed: i | 

In estimating the composition of a mixed gas, from the 
eilieniblieli dich results of its combustion, the following Table 
will be found useful. Olefiant gas is included, though not 
strictly necessary, in order to render the view of these com- 
pounds more complete. 


_ Table showing the Results of Firing the Combustible Gases 
with Oxr Yy Zen. 


100 vols. Diminished: Carbonic 


Names of gases. Sp.gr. | require | Total. by acid 

; oxygen. firing. produced, 
Olefiant gas...... 9722 |. 300 400 |200 = 1) 200 
Carb. hydrogen. ..|.5555 | 200. | 300 |200=3)! 100 
Hydrogen gas....| .0690 50 120°) 150 = 2 0) 
Carbonic oxide...| .9722 SO" A PHO PT G0 a OO 


(a) If the gas under examination afford no carbonic acid 
by combustion with an excess of oxygen, it may then be either 
hydrogen only, or hydrogen with a proportion of nitrogen. In 
the first case, two measures of the gas will have condensed one 
of oxygen, making a diminution of three measures.- In the 
second case, the diminution will be less than three measures: 
It is unnecossary to repeat in this place the directions which 
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have already been given, vol. i. p. 236, for analyzing mixtures 
of hydrogen and nitrogen gases. 

(b) If the gas be found to have condensed twice its volume 
of oxygen, and to have given an equal volume of carbonic 
acid, it may be considered as pure carbureted hydrogen gas. 

(c) If, while it affords an equal volume of carbonic acid, it 
has consumed only half its volume of oxygen, these are the 
characters of pure carbonic oxide. 

(2) But if the gas under examination does not answer 
exactly in its characters to any one of those enumerated in the 
table, it may be inferred to be a mixture of two or more of © 
the three last, with perhaps a proportion of nitrogen. 

(e) ‘The presence of nitrogen will be indicated by our find- 
ing, in the residuary gas Giler the action of liquid potassa, 
more nitrogen than can be traced to the oxygen gas employed 
in effecting the combustion. 'To decide this, add, to the residue, 
nearly twice its volume of hydrogen, and pass an electric spark 
tkrough the mixture. If an explosion take place, we shall learn 
the amount of the residuary oxygen by dividing the diminution 
of volume on firing by 3, and the quotient, deducted from the 
whole residue, will show its proportion of nitrogen. . If the 
quantity of nitrogen, thus determined, agree with that which 
formed part of the oxygen gas, no nitrogen is indicated in the 
inflammable gas; but if it exceed, the additional quantity must 
be referred to the combustible gas. 

(f) Ifthe mixture consist of hydrogen, carbureted hydro- 
gen, and carbonic oxide, without any nitrogen, the propor- 
tions of each may be investigated as follows. ‘Take the specific 
gravity of the gas in the way already directed vol. i. p. 19, 
and then try what hypothetical proportions will most nearly 
agree with the characters of the mixture. An example will 
perhaps best explain the method of proceeding. 

Let us take then the example of a gas of specific gravity 
0.7012, 100 volumes of which have been found by experiment 
to afford by combustion 70 volumes of carbonic acid, the 
oxygen expended being 110 volumes, and the diminution on 
firing amounting to 140 volumes. Now, on inspecting the 
table, it must be obvious that these 70 volumes of carbonic 
acid cannot all have been produced from carbureted hydrogen, 
for in that case they would have required 140 volumes of 
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oxygen, whéreas only 110 volumes have been condensed. 
Part of the carbonic acid must therefore have resulted from a 
gas requiring less oxygen than is consumed by carbureted 
hydrogen; and the only gas answering to this description is 
carbonic oxide, the presence of which in the mixture may 
hence be safely inferred. ‘The levity of the mixed gas indi- 
cates, also, that it contains hydrogen, which is also rendered 
probable by the amount of the dimmiution on firing. On 
trying various proportions, the following will be found to 
afford the best explanation of the phenomena and pasileke of 
combustion. _ } 


Consume Give carbo-. Condensed 
oxygen. nic acid. by firing. 


40 vols of carb. hydrogen .. 80. ......40.....%+- 80. 


30 carbonic’ oxide,. 15. .,....30. .....~ 15. 
30 hydrogen ...... 15. 0.0.2. 0. wecees 45. 


100 | | eh ems 70. 140. 


The specific gravity of such a mixture ought to be 
9722 x 4 = 3.8888 | 


STU a ice eee ene LD 
Be OLS al Mir ity 2b HY 


7.0124 <= 10 = 0.70124. 


Such a coincidence of specific gravity with the results of 

combustion furnishes a strong presumption that the propor- 
tions assigned to a gaseous mixture are not very remote from 
the true ones. 
_(g) A method of analysis, however, more deserving of con- 
fidence, and capable, indeed, of bringing us acquainted with 
the true constitution of mixtures of these gases, is derived 
from a set of experiments upon them, which I have described 
in the Philosophical Transactions for 1824. 

It has been stated in a former part of this work (vol. i. 
p. 237), that when platinum in a spongy form is introduced, 
at common temperatures, into a mixture of hydrogen and 
oxygen gases in certain proportions, it causes their immediate 
combination, and the production of water, either silently or 
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with detonation, according to circumstances. The same effect 

is produced, generally, without explosion, by small spherules 

or pellets made of two parts of fine clay and three of spongy‘ 
platinum, worked into a paste with water, and then, moulded 

into small balls about the size of peas, which are to be first 

dried slowly, and then at a stronger heat. By neither of 
these means, however, is the action of oxygen excited, at 

common temperatures, apn.olefiant gas, carbonic oxide, or car- 

bureted hydrogen; but at temperatures between the boiling 

point of water and that of mercury, those gases also may be 

made to.unite with oxygen in presence of the sponge, and each 

of them at a different temperature. 

Carbonic oxide, mixed with oxygen in. due proportion, and 
in contact with the spongy metal, begins to be converted into 
carbonic acid between 300 and 310° Fahr., and is. wna 
-acidified under 340°. 

Olefiant. gas under the same circumstances begins to 
acted upon at 480°, and is entirely changed into carbonic 
acid and water below 520°. ; 

Carburetted hydrogen requires a temperature exceeding 
550°, and probably not much less than 600°. 

These facts suggested to me the possibility of separating 
hydrogen, -carbonic oxide, olefiant gas, and carburetted 
hydrogen from each other, by exposing a mixture of those 
gases, with oxygen sufficient to saturate the whole, to contact 
with spongy platinum at a succession of different tempera- 
tures. To simplify the process, however, it is advisable, in 
the first instance, to remove the olefiant gas by chlorine, in 
the manner already pointed out, vol. i. p. 426. The remainder, 
after being washed by caustic potassa to separate any excess of 
chlorine, consists of hydrogen, carbonic oxide, and carbu- 
retted hydrogen, with or without an admixture of nitrogen 
gas. In order to learn the quantity of oxygen which it is 
necessary to add, a previous experiment must be made by 
firing a small quantity of the gas, which we are about to 
examine, with excess of oxygen in a Volta’s eudiometer ; and 
from the oxygen left we may determine how much has been 
expended. We can then employ rather more oxygen, than 
the gas which we are about to analyze requires for saturation. 
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It is a prudent precaution, also, before acting on any quan- 
tity of the mixture approaching to a cubic inch, to try the 
effect of one of the pellets, which, after being fastened to a 
piece of platinum wire, may be heated red hot by the blow- 
pipe, then allowed to cool for a minute or two, and then be 
introduced through the mercury of the trough to half a cubic 
inch of the mixture, to which oxygen has been added, con- 
fined in a graduated tube. If an immediate action take place, 
evinced by a rapid diminution of volume and an evident 
formation of water, and sometimes even by the ignition of the 
ball, it would be unsafe to introduce the spongy metal into 
such a mixture, since it would most probably detonate. It 
would be unnecessary too, because the hydrogen and carbonic 
oxide only, unless the action of the ball has been such as to 
cause its distinct ignition, will have combined with oxygen, 
leaving the carburetted hydrogen untouched. ‘The ball may 
therefore be withdrawn by means of the wire; and the resi- 
duary gas allowed to cool to the temperature of the air. 
The diminution of volume is then to be noted, the quantity of 
carbonic acid formed must be determined by liquid potassa; 
and the oxygen left ascertained, which, deducted from the 
original quantity, will show how much has been expended. 
Now it is known that every volume of carbonic oxide, to be- 
come carbonic acid, unites with half a volume of oxygen. It 
is easy therefore, to calculate how much of the oxygen has 


_ been spent in forming water, and doubling its volume we have 


that of the hydrogen gas in the mixture. In this way we 
arrive at the quantities of hydrogen and carbonic oxide. 
The properties of carbureted hydrogen and nitrogen in 
the residue are easily determined by methods already 
described. | 

If no effect be produced, on a portion of gas mixed with 
oxygen, by introducing one of the platinum balls in the manner 
directed, we may then pass a portion of the spongy metal 
into a known volume of the gas over mercury, and if still 
no action takes place, the analysis will require an increased 
temperature which may be applied in the following manner: 
a sheet-iron vessel (not tinned), A, is to be provided, capable 
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of holding mercury, 
about 3 inches dia- 
meter and 3} deep, 
with a hemispheri- 
cal cover, B, of the 
same metal, in which 
are two holes, the 
one for the stem of 
a thermometer, C, 
graduated up _ to 
600° I, the other 
for the bent tube, D. 
This tube may be of 
the diameter of =, ths 
to =8,ths of an inch, 
from 34 to 41 inches | 
long from the sealed extremity to the curved part, and 7! or 
8 inches from the bend to the open extremity. After mixing 
a portion of the gas under examination with the due quantity 
of oxygen, introduce as much of the mixture into the bent 
tube filled with and inverted in mercury, as will occupy the 
space shown by the figure, noting thé quantity.. Then pass 
up through the mercury a piece of platinum sponge tied to a 
thin wire of the same metal, which must be left projecting a 
little out of the open end; and introduce the tube into the 
mercury contained in the iron vessel, the cover and thermome- 
ter being already in their places. ‘The open end of the tube 
may either be kept in the mercurial trough, or - by stopping it 
for a time with the finger, it may be placed, as represented in 
the cut, in a small basin of mercury. ‘The quicksilver in the 
vessel A must now be heated by an Argand lamp to 310° or 
320°, and kept at a temperature not exceeding the latter 
during 10 or 15 minutes. The first effect of the heat is to 
expand the volume of gas, but presently a diminution ensues, 
and after a still further interval water is evidently formed. 
When the action of the gases on each other ceases, as indi- 
cated by the level of the mercury within the tube remaining 
stationary, the tube may be removed and allowed to cool. 
The residuary volume must be accurately measured, and the 
quantities of carbonic acid formed and oxygen expanded 
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ascertained as already directed, from which data may be 
deduced the proportion of carbonic oxide and of hydrogen in 
the original gas. The carbureted hydrogen Palas nitrogen are 
to be depsentiau as before. 

In this way considerable quantities of gas may be operated 
upon, and a degree of precision may be attained much beyond 
what is practicable when small quantities only are fired ina 
Volta’s eudiometer. 


Analysis of Mixtures of Inflammable Gases, with Gases 
‘that support Combustion. 


XXXI. No mixture, it must be obvious, can exist of gases 
that support combustion with gases that are spontaneously 
inflammable; for instance, of oxygen, nitrous oxide, or chlo- 
rine with phosphureted hydrogen. Nor is sulphureted hydro- 
gen compatible with chlorine or with nitrous gas; nor chlorine 
with olefiant gas, or indeed with any of the varieties of car- 
bureted hydrogen, unless light be carefully excluded from the 
mixture. But oxygen gas and atmospheric air may be, and 
the latter frequently is, mingled with hydrogen, carbureted 
hydrogen, olefiant gas, or carbonic oxide. 

(a) A mixture of hydrogen and oxygen gases may be exa~ 
‘mined either by exploding the mixture (rendering it combus- 
tible, if not already so, by adding more of the gas which may 
be deficient), or by the action of nitrous gas, or of a solution 
of nitrous gas in sulphate of iron. 

(b) Atmospheric air mixed with hydrogen may be investi- 
gated by two separate experiments, the one for determining 
oxygen, the other nitrogen, by rules already given, vol. i. 
p- 236. 

(c) The presence of oxygen gas in olefiant gas, ¢ carbureted 
hydrogen, or carbonic oxide, may be easily ascertained by the 
-effect of adding nitrous gas, which produces a dense red 
vapour and a diminution of volume; and the quantity of 
oxygen may be estimated in the manner described vol. i. 
page 313. For detecting nitrogen, and ascertaining its quan- 
tity, rules have already been given, XXX. d. 
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Mixtures of Condensible Vapours with Gases. 


XXXII. There are several vapours, which, at ordinary 
temperatures, are capable of existing as such, in a state of 
mixture with atmospherical air and other gases. In this state, 
it does not appear that the vapour is united with the gas by 
any affinity, but rather that, according to the theory of Mr, 
Dalton, it has a distinct and independent existence; for each 
vapour, when mingled with air or any other gas, at a certain 
temperature, has exactly the same tension or elasticity, which 
it would have iz vacuo at the same temperature. (See vol. i. 
page 119.) It is easy then by inspecting the tables contained 
in the Appendix to this work, showing the force of the vapours 
of various fluids at different temperatures, to ascertain what 
proportion those vapours form of the whole weight of any 
gas. For example, at 60° Fahr. and 30 inches of the baro- 
meter, atmospheric air, fully charged with moisture, contains 
aqueous vapour, the force of which is equivalent to 2.th that 
of the whole atmosphere. In vol. i. p. 19; rules are given for 
calculating what proportion of any mixture of gas and vapour 
the vapour constitutes at a given temperature and pressure. 
With respect to the vapour of water, this is a correction which 
requires frequently to be made in calculating the weight of 
gases; and the same formula, which enables us to determine 
it in that case, is applicable to others, if for 0.620, (the specific 
gravity of steam) we substitute the specific gravity of any other 
gas or vapour, that may be the subject of investigation. 

The vapours which may be occasionally mixed with perma- 
nent gases are, 

(a) " Aquesus vapour, or the steam of water ST es must 
necessarily exist in all gases confined by water, and its quantity 
will be proportionate to the temperature, as shown in the table 
of the force of vapour. The proportion which it constitutes 
of any gas, at a given temperature, may be determined by 
the rule given vol. i. p. 19. 

Gases standing over mercury frequently also contain aqueous’ 
vapour. Its presence may be shown, either by surrounding 
with a freezing mixture a portion of the gas contained ina 
glass tube, when the inner surface of the tube will be obscured 
by a thin film of ice; or it may be discovered by a few bubbles 
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of fluoboric gas, which occasion a dense white cloud. From 
gases confined over mercury, aqueous vapour may be removed, 

by bringing into contact with them chloride of calcium, recently 
cooled from a state of fusion. | 

(b) Nitrous acid vapour-—This is sufficiently distinguishable 
by its red colour, and its odour of nitrous acid. It is incom- 
patible with sulphureted, phosphureted, tellureted, or arse- 
nureted hydrogen, with ammonia, with sulphurous acid when 
water is present, and probably with hydriodic acid. 

(c) The vapour of alcohol may be known by its odour, but it 
does not, at common temperaiures, form a combustible mixture 
with atmospheric air or oxygen gas. 

(d) The vapour of ether composes with oxygen gas an in- 
flammable mixture which detonates violently. 

All the three foregoing vapours are separated from perma- 
nent gases by passing the mixture through water, but ether 
less readily than others. 

(e) The vapour of naphtha is distinguishable by its oeuliak 
smell. At common temperatures it on not form a combus- 
tible mixture with oxygen. It has so little affinity for water 
that a gas, with which it is mingled, may be several times 
passed through water, and even kept over that fluid without 
being deprived of it. (Saussure, Ann of Phil. x. 120.) 

(f) The vapour of sulphuret of carbon may be known by its 
smell, and by the other properties belon ging to that substance, 
described vol. i. p. 465. 

There are various other fluids which yield vapours capable 
of forming permanent mixtures with the gases; but they are 
not likely to become subjects of examination, and in general 
they are sufficiently discriminated by the characters of smell 


or colour. 
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TABLE, 


Referring to the Methods of detecting the different Gases, and 
analyzing Mixtures of them with each other. 


N. B. The numerals, unless otherwise expressed, ae to 
the foregoing, paragraphs. 


Air, atmospheric. (See the Index to this work, article 
EKudiometer.) Mixed with combustible gases, XX XI. 

‘Ammonia, Absorption by water, I. Separation from other 
gases, III. : 

Bicarbureted hydrogen. See hydrogen, bicarbureted. 

Bi-hydroguret of phosphorus. See hydrogen, phosphureted. 

Borax. Gases absorbed by, V. 

Carbonic acid. Separation from muriatic and sulphurous 
acid gases, VII. From sulphureted hydrogen, &c. X XIX. 
ysOgiLs 

Carbonic oxide. Characters, and method of estimating its 
quantity, XXX. c. 3 

Carbureted hydrogen. See hydrogen, carbureted. 

Chlorine. ‘Tests of, XVII. a. Separation from other gases, 
b. From oxygen gas, XX.a. Action on combustible gases, 
XXIV. | 

Chlorine, protoxide of, I. Characters, III. c. 

— peroxide of, 1. Characters, III. c. 

Chloro-carbonic acid, VIII. e. 

Colours of gases, III. c.. XII. 

Combustible gases, X XI.. Mixtures with supporters of com- 
bustion, XX XI. 

Combustion, gases that support, XV. XVI. &c. 

Cyanogen. ‘Tests of, ILI. b. | 

Fluoboric acid gas. Absorption by water, I. Tests of, 
VIII. c. 

Fluosilicic acid gas. Absorption by water, I. Tests of, 
VIII. d. 

Gases, acid, II. 1V. Fuming, IV. 

— absorption by water, IX. 
——— alkaline, II. 


—-— coloured, XII. 


a 
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Gases, combustible, XXI. XXX. 
~ that support combustion, XV. XVI. 
-—— incompatible, II. XX. XXXL XXXII. b. 
— odour of, XIII. X XI. 
Gravity, specific, of gases, XI. Its coincidence with analytic 
results, XXX. e. ey 
Hydriodic acid gas. ora Tests of VIL. a, be 
Hydrogen gas. Characters, XXX. a. How estimated when 
mixed with other combustible gases, XXX. 
Hydrogen, arsenureted. Odour, X XI. nin ae XXVIIIL.c. 
FAlydrogen, bicarbureted, (Olefiant gas.) Action of chlorine, 
XXIV.c. Separation from other gases, X XIX. qd. 
Hydrogen, bi-hydroguret of, XXIV. a. 
| — carbureted. Action of chlorine, XXIV. d. How 
edineen from other gases, XXX. Characters, XXX. b. 
Eh pi phosphureted, XXIV. a. 
— potassureted. Tests of, XXVIII. b.- 
——~—— selenureted. Odour, X XI. Characters, X XVIII.d. 
sulphureted. Odour, X XI. Action of chlorine, 
XXIV. b. Absorbed by hot solutions of Jead and mercury, 
AXVIT. XKIX, a. 
Hydrogen, tellureted. Gaius, X XI. Characters, XXVIIL a. 
Litmus. Gases that redden it, X. 
Muriatic acid gas. Absorption by water, I. By borax, v. 
b. Analysis of mixtures of, VIT. 
Nitrogen, with oxygen gas. (See air, atmospheric.) Analysi sis 
of mixtures of with combustible gases, XXX. d. 
Nitrous acid vapour, XXXII. b. ) 
Nitrous gas. Tests of, XIX. Action on combitstible gases, 
XXV. Separation from oxygen gas, XX. ¢, 
Nitrous oxide. ‘Tests of, XVIII. Separation from oxygen 
gas, XX. b. 
Odour of gases. « XIII. XXI. . 
Olefiant gas. See Hydrogen, bicarbureted.. : 
Oxygen gas. Tests of, XVI. Separation from chlorine, 
XX. a; Fass nitrous oxide, XX. 65; from nitrous gas, XX. 
C3 Lf combustible gases, XXV.c; XXXI. iB j | 
Phosgene. See Chloro- Betis acid gas. . 
Phosphwreted hydrogen.. See h ydrogen. Pr 
Potassa, liquid, gases absorbable by, XIV. XXIIL. 


SECT. IT. ANALYSIS OF MINERAL WATERS. $15 


Sulphureted hydrogen. See hydrogen, sulphureted. ) 

Sulphurous acid. Absorption by water, I.; by borax, V. 
a; by peroxide of lead, VI. Separation from muriatic acid 
gas, VIE. b; from carbonic acid, VII. c.. 

Tellureted hydrogen. See hydrogen, telluyeted, 

Vapours mixed with gases, XX XII. 

Water. Action on gases, I. IX. Steam of in gases, XX XII.a. 


oo eee: 
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SECTION Il. 
Directions for Examining Mineral Waters. : 


THE complete and accurate analysis of mineral waters, and 
of mineral bodies in general, is one of the most difficult sub- 
jects of chemical manipulation, and requires a very extensive 
acquaintance with the properties and habitudes of a numerous 
class of substances. ‘Long and attentive study of the science 
is therefore essential to qualify any one for undertaking exact 
and minute determinations of the proportions of the compo- 
nent parts of bodies. Such minuteness, however, is scarcely 
ever required in researches that aré’ subservient to the ordinary 
purposes of life; a general knowledge of the composition of 
bodies being sufficient to assist in directing the most useful 
applications of them; and this, generally speaking, may be 
obtained by experiments that require, for their performance, 
only a moderate share of skill in practical chemistry. In 
some instances, however, where a variety of foreign sub- 
stances are present in a natural water, it requires extensive 
chemical knowledge and great consideration, to devise the 
proper experiments, and to draw the proper inferences from 
their results. Much indeed must always be left to the judg- 
ment of the operator, and this will be materially assisted by a 

. careful study of the best models of this kind of investigation, 
which are to be found in the analyses of particular waters 
by Black, Lavoisier, Marcet, Phillips, Gay Lussac, and other 
eminent chemists. . 

Before proceeding to the analysis of a water, it is proper to 
inquire into its natural history, and to examine attentively its 
physical characters, The nature of the strata in the neigh-~ 
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bourhood of the spring, will often furnish useful suggestions 
respecting the contents of the water; the period of the year 
should be stated at which the analysis was performed; and 
whether after a rainy or dry season. ‘The temperature of the 
water must be carefully observed, as it issues from the spring ; 
and the quantity inquired into, which it yields in a given time. 
The sensible qualities of taste, smell, degree of transparency, 
&c., are also best ascertained at the fountain head. The spe- 
cific gravity of the water may be found by weighing a bottle, 
which is capable of containing a known weight of distilled 
water at a certain temperature, filled with the water under 
examination, at the same temperature; or by the use of a very 
sensible hydrometer, as recommended by Mr. Dalton. (Man- 
chester Society’s Memoirs, N.S. iil. 54.) It is proper, also, 
to examine, on the spot, the channel through which the water 
has flowed ; to collect any deposit that may base been formed ; 
and to investigate its nature. 

The effects of heat on the water may be next tried.— 
Many waters lose their transparency when their temperature 
is raised, and let fall a considerable deposit. The quality of 
this may, in some degree, be conjectured from its appearance. 
If its colour be brownish yellow, it consists, either wholly or 
chiefly, of oxide of iron; if white, or nearly white, it is com- 
posed principally of the carbonate of lime or magnesia. A 
mineral water, containing iron, deposits that metal also, when 
exposed to the atmosphere; and a thin pellicle forms on its 
surface, whether stagnant in a natural reservoir, or collected 
in a separate vessel. By this exposure, iron may be some- 
times discovered in a water, though not easily detected at 
first; because it becomes farther oxidized, and more sensible 
to the action of tests. An exception, however, to this remark 
will be stated in describing the application of the test of tinc- 
ture of galls. Sulphureted waters deposit a sediment, even 
when preserved in a well-closed phial; the hydrogen quitting 
the sulphur, which settles in the form of a white powder. 


Art. ].—Examination of Mineral Waters by Re-agents. 

Water is never presented by nature in a state of complete 
purity. Even when collected as it descends in the form of 
rain, chemical tests detect in it a minute proportion of foreign 


ee 
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ingredients. And when it has been absorbed by the earth, has 
traversed its different strata, and is returned to us by springs, 
it is found to have acquired various impregnations. The 
readiest method of judging of the contents of natural waters, 
is by applying what are termed tests, or re“agents; 2. e. sub- 
stances which, on being added to a water, exhibit, by the 
phenomena they produce, the nature of the saline, or other 
ingredients.—For example, if, on adding infusion of litmus 
to any water, its colour is changed to red, we infer, that the 
water contains an uncombined acid: if this change ensue, 
even after the water has been boiled, we judge that the acid 
is a fixed, and not a volatile one: and if, on adding the muri- 
ate of baryta, a precipitate falls down, we safely conclude 
that the peculiar acid, present in the water, is either entirely, 
or in part, the sulphuric acid. I shall first enumerate the 
tests generally employed in examining waters, and describe 
their application; and, afterwards, point out by what parti- 
cular tests the substances, generally found in waters, may be 
detected. 

In many instances, a mineral water may contain a saline, 
or other ingredient, but in such small quantity as to escape 
discovery by tests. It is therefore advisable to apply the tests 
of fixed substances to the water, after reducing its bulk one 
half; or in some cases considerably more, by evaporation, as 
well as in its natural state. : 

The use of tests, or re-agents, has been employed by Mr. 
Kirwan to ascertain by a careful examination of the preci- 
pitate not only the kind, but the quantity, of the ingredients 
of mineral waters. ‘This will be best understood from an 
example. It is an established fact, that 100 parts of crystallized 
chloride of sodium, when completely decomposed by nitrate of 
silver, yield, as nearly as possible, 240 of precipitated chloride 
of silver. From the weight of the precipitate, separated by 
nitrate of silver from a given quantity of any water, it is there- 
fore easy, when no other muriatic salt is present, to infer, 
what quantity of chloride of sodium was contained in the 
water; since every hundred grains of fused chloride of silver 
indicate, pretty accurately, 414. of crystallized common salt. 
The same mode of estimation may be applied in various other 
instances; and the rule for each individual case will be stated 
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in the following déscription of the use of the various re-agents. 
The scale of equivalents will give, by mere inspection, the 
quantities of different salts, from which the precipitates that 
are obtained, have resulted. It is, indeed, an instrument quite 
essential in prosecuting investigations of this kind.* 

For the analysis of mineral waters, and of mineral bodies 
in general, tests of the utmost purity are required. These 
will be found enumerated in their order in the following 
pages, and they are all absolutely necessary in investigating 
the composition of natural waters. It will be found extremely 
useful to keep the three mineral acids, the alkalisy and the 
alkaline carbonates, in a liquid form, and of such strength, 
that one measure of the one will neutralize either one measure, 
or some simple multiple of one, of the other. ‘The advantage, 
thus obtained, is, that when it is necessary to precipitate a 
substance,. held in solution by an acid, we can take just the 
quantity of alkali required for the purpose; a precaution of 
great use in all cases, where the substance to be precipitated 
is re-dissolved by adding an excess of the precipitant; as 
happens, for instance, with respect to alumina, which is pre- 
cipitated by the proper quantity of potassa, and re-dissolved 
by adding more. It is of no consequence of what. precise 
strength these solutions are; but the following will be found 
of convenient density; and, though perhaps the numbers 
may require a little correction in some instances, yet they 
are sufficiently accurate for the purpose they are intended 
to serve. 


Measures for 100 Water gr. 

Liquids. Sp. gravity. saturation, . measure contain 
SUID UTC, ACI yo cisihad OO: a w.0 im sid acess Hootie oof ued! lin nae 
Nitri¢.acid. ... ~'. Bg un teMel Sia feran thay D rtgsidte 6 eedhe Lode al ie 


Muriatic acid.....1.074.... 
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Subcarb, potassa .. 1.248.. ppp. | RAUNT 8 dry 
POL % 64 pel LO Waleed (2 ae assis La oo gr. dry 
——_————— ammonia. 1.046...... | 


* See the directions for its use, prefixed to the Table of Equivalents in 
the Appendix at the end of this volume. 
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-. The first column of the foregoing Table expresses the spe- 
cific gravity of the liquid test; the second, the number of 
measures of each required for saturating any of the others; 
and the third, the number of grains of real acid, real alkali, 
or solid carbonate, in 100 measures of solution, each measure 
being equal to a grain of water. From the last column, and 
with the aid of the Scale of equivalents, it is easy to calculate 
how much of any other test, of known composition, is re- 
quired for decomposing 100 water grain measures of any of 
the solutions in the Table. Thus 15.7 grains of real sul- 
phuric acid will be found, by Dr. Wollaston’s scale, to be , 
capable of decomposing 41.2 grains of dry chloride of barium 
(equal to 48 of the crystallized salt), It may be advisable, 
therefore, to keep muriate of baryta, of such strength, that 
400 water grain measures may be equivalent to 48 grains of 
_ the crystals; in which state the solution will be more con- 


venient for use, than if it were stronger. ‘The same plan may © 


be extended to other tests, the quantities of which may thus 
be accurately adjusted to the purpose intended to be answered. 
Indeed, it would contribute very much to accuracy, as well 
as to economy, if all the chemical solutions, kept for purposes 
of research, had their specific gravity, and the proportion of 
their ingredient in a real or solid state, marked on the labels 
of the bottles containing them,—a practice of which I have 
long experienced the advantages. When we are thus pro- 
vided with tests of known purity and strength, Mr. Dalton 
recommends that we drop, into a measured quantity of the 
water under examination, certain known quantities of each test 
from a dropping tube graduated into grains, till the required 
effect is produced; then from the quantity of the test expended, 
the quantity of saline matter in the water may be determined 
without the trouble of collecting the precipitate; or if the 
latter be done, the one method will bea check upon the other. 
(Manchester Society’s Memoirs, N.S. ii. 61.) 

When filters of paper are used for collecting precipitates, 
great caution is necessary that their weight should be the 
same, before and after the experiment. [ven during the time 
of weighing, they acquire moisture from the atmosphere; and 
it is therefore necessary, before taking their weight correctly, 
to obtain an approximation to it; after which, the paper being 


a 
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again dried, less time is occupied in determining it within the 
fraction of a grain. The unsized paper, which accompanies 
Mr. Watt’s copying machines, answers the purpose extremely 
well. It is this which was always employed by Berzelius, 
whenever he. used filters at all; but their use, when the nature 
of the. precipitate admits, he thinks should be avoided.* 
Another source of fallacy pointed out by Dr. Thomson (First 
Prine. ii. 294) is sulphate of lime, which was discovered in all 
the filtering paper he could procure; and this, in certain 
cases, may introduce errors into analysis, if no allowance be 
_tmade for it. Iam not inclined, however, to coincide in the 
total rejection of filters, and am of opinion that, when they 
are carefully and skilfully used, there is no better way of 
collecting and drying precipitates. In order to wash away, 
completely, all soluble matter, a stream of distilled water 
should be directed upon the edge of the paper, when laid in 
the funnel, either from a dropping tube or from the bottle, 
fig. 25, a. both: 


I.—/nfusion of Litmus, Syrup of Violets, &c. 


- ‘The infusion of litmus is prepared by steeping for several 
hours this substance, first bruised in a mortar, and tied up in 
a linen bag, in distilled water, which extracts its blue colour. 

If the colour of the infusion tend too much to purple, it may 
be amended by a drop or two of solution of pure ammonia; 
but of this no more must be added than is barely sufficient, 
lest the delicacy of the test should be impaired. _ 

‘The syrup of violets is not easily obtained pure. The 
genuine syrup may be distinguished from the spurious by a 
solution of corrosive sublimate, which changes the former to 
green, while it reddens the latter. When it can be procured 
genuine, syrup of violets is an excellent test of acids, and may 
be employed in the same manner as the infusion of litmus. It 
indicates, also, the presence of alkalis, which turn it green. 

Paper stained with the juice of the March violet, or with 
that of the scrapings of radishes, answers a similar purpose; 
being turned red by acids, and green by alkalis. In staining 
paper for the purpose of a test, the paper must be used 


* 78 Ann. de Chim. 31, 
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unsized; or, if sized, it must previously be well washed with 
warm water; because the alum, which enters into the com- 
position of the size, will otherwise change the NegetblG colour 
to red. 

. In the Philosophical Magazine, vol. i. page 180, may be 
found some recipes for other test liquors, invented by the late 
celebrated Mr. Watt. 

Infusion of litmus is a test of most uncombined acids. 

1. If the infusion redden the unboiled, but not the boiled 
water, under examination; or if the red colour, occasioned 
by adding the infusion to a recent water, return to blue, on 
boiling; we may infer, that the acid is a volatile one, and 
most probably the carbonic acid. Sulphureted hydrogen gas, 
dissolved in water, also reddens litmus, but not after boiling; 
and its presence is easily discovered. by. its offensive smell. 

2. To ascertain whether the change be produced by carbonic 
acid or by sulphureted hydrogen, when experiment shows that 
the reddening cause is volatile, add a little lime-water, or, in 
preference, barytic water. This, if carbonic acid be present, 
will occasion a precipitate, which will dissolve, with efferves- 
‘cence, on adding a little muriatic acid. Sulphureted hydrogen 
may also be contained, along with carbonic acid, in the same 
water; which will be determined by the tests hereafter to be 
described. 

In some cases, when the change of colour is so slight as to 
be scarcely perceptible, it may be: proper to use half a pint or 
more of the water which we are examining, and to mix it with 
the infusion of litmus in a broad shallow glass vessel, set on a 
sheet of white paper; using for the sake of comparison a simi- 
jar vessel of distilled water, coloured by an equal quantity of 
the litmus infusion. — 

3. Paper tinged with litmus is also reddened by the presence 
of carbonic acid, but regains its blue colour on drying. ‘The 
mineral and fixed acids redden it permanently. That these 
acids, however, may produce their effect, it is necessary that 
they should be present in a sufficient proportion.* The dark 
blue paper, which is generally wrapped round loaves of refined 


* See Kirwan on Mineral Waters, p. 40. 
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stigar, is not disedloured by carbonic acid ot sulphureted 
hydrogen, but only by the stronger acids. | 


qT —Infusion of Litmus ins i by. v tery disease 


Tincture of Brazil-wood,—Tincture of Turmeric, and.Paper 
stained with each of these three Substances,—Acid Tincture of 
Cabbage,—Syrup of Violets. 

All these different tests have one and the same object. 

1. Infusion of litmus reddened by vinegar, or litmus paper 
reddened by vinegar, has its blue colour restared by ‘pure 
alkalis and pure earths, and by carbonated alkalis and earths, 
This effect is even produced by carbonate of limé dissolved 
by a considerable excess of carbonic acid; for in this ¢asé the © 
fixed acid, which reddens the litmus, is neutralized by-the 
lime, and the volatile carbonic acid is displaced. - Hence it is 
that lime, though supersaturated with carbonic acid, must 
necessarily act like an alkali on vegetable colours. —* 

2. Turmeric paper and tincture are changed to a reddish 
brown by alkalis, whether pure or carbonated, and by pure — 
earths, but not by carbonated earths. Dr. Bostock finds that 


it is obviously affected by a solution, containing only =, of 


- its weight of potassa. 


Turmeric paper, it must however be stated, is turned LHW 
by muriatic acid gas and strong acids in. ceneral ; by boracic 
acid; by sub-acetate of lead; by all the soluble salts of iron 
except the acetate; by submuriate of zinc; and by several 
other metallic salts, enumerated by Mr. Faraday. (Quarterly 
Journal, xiii. 315.) 

3. The red infusion-of Brazil-wood, and paper stained with 
it, become blue by alkalis and earths, and even by thé latter 
when dissolved by an excess of carbonic acid. “In the last- 
mentioned case, however, the change will either cease to appear, 
or will be much less raustabe when the water has been 
boiled. It has been shown, also, by Bonsdorff, that both the 
paper and tincture are affected by acids, a rose colour being 
generally produced, but in a manner and degree varying with 
each particular acid. ‘ (Annals of Phil. N.S. iv. 23.) 

4. Infusion of the leaves of red cabbage in very dilute sul- 
phuric acid has a red colour, which is rendered blue by alkalis, 
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when’ jidca 3 in quantity just sufficient to rieutralize’ the Acid. 
Hence, if the infusion be made with a known quantity of acid, 
it becomes a test of the quantity of alkali in any solution. As 
it is apt to spcil by keeping, it should be prepared fresh when 
wanted, from the leaves, dried carefullyand, ie A ei in corked 
vials. 

5. Syrup of' violets, when pure, is, by the same agents, 
turned green; * as is also paper stained with the j hi of the 
violet, or with the ser nig ak of radishes. 


TEL. —Tincture of Galls. 


* Tincture of aie is the test generally employed for diseghets 
" ing iron; with ‘all the combinations of which it produces a 
black tinge, more or less intense according to the quantity of 


iron... The i iron, ‘however, which, in rained waters, exists in 


the state of protoxide, in order to be detected by this test, 
must be in the state of peroxide. If oxidized in a less degree, 
its effect will not be apparent unless after standing some time 
in contact with the air, or adding some substance, such as a 
little of the solution of chloride of lime, which speedily con- 
verts the protoxide into peroxide. By applying tincture of 
galls before and after evaporation or boiling, we may know 
whether the iron. be held in solution by carbonic acid, or by a 
fixed acid; For, 

1, If it produce its effect before the application of heat, and 
not afterward, carbonic acid is the solvent. 

2. If after boiling and filtration through paper, as well as 
before, a mineral aj is the solvent. 

3. If, by the boiling, a yellowish powder be nrepiaitabads 
and yet galls continue to strike the water black, the iron, as 
often happens, is dissolved both by carbonic acid and by a 
fixed acid. A neat mode of applying the gall-test was used by 


* In preference to the syrup, Mr. Descroizilles recommends as a test the 
pickle of violets, prepared by adding common salt. to the expressed juice. 
(Annales de Chimie, Ixvii. 80; or Nicholson’s Journal, xxv. 232.) The 
colour tests already enumerated are, I believe, sufficient for every purpose. 
Various others, however, have been recommended ; juice of elderberries, 
in Ann, of Phil. viii. 3843 alcoholic extract of cabbage, vili. 304; ai 
395; the petals of the rs Quart. Journ. xv, 161. 
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M. Klaproth, in his analysis of the Carlsbad water; a slice of 
the gall-nut was suspended by a silken thread in a large bottle 
of the recent water, and so small was the quantity of iron, 
that it could only be discovered in water fresh from the spring, 
by a slowly-formed and dark cloud surrounding the re- 
agent. 

It has been remarked by Mr. R. Phillips, that the presence 
of carbonate of lime modifies considerably the action of the 
gall test on iron. When the iron is at the minimum of 
oxidation, it rather heightens the colour produced by this test; 
but when the metal is in the state of peroxide, it diminishes 
the effect so much, that a very minute quantity of iron may 
elude entirely the action of the gall test. An ounce measure 
of solution of carbonate of lime, containing ,,55th of a grain 
of protoxide of iron, was sensibly affected by tincture of galis; 
but the same proportion of protoxide, by being converted into 
peroxide, ceased any longer to affect the test. “(See Children’s 
Translation of Thenard, p. 250.) 


ab) ee Acid. 


1. Sulphuric acid discovers, by a slight effervescence, the 
presence of carbonic acid, whether uncombined or united with 
alkalis or earths. 

2. If lime be present, whether pure or uncombined, the 
addition of sulphuric acid occasions, after a few days, a white 
precipitate. If from a mineral water, which has been well 
boiled, the addition of sulphuric acid extricates sulphureted 
hydrogen gas, Mr. Westrumb infers the presence of hydro- 
sulphuret of lime. In this case, sulphate of lime is precipi- 
Bi + ! 

g. Baryta is precipitated instantly, in the form of a white 
dowaen 

4. Nitric and muriatic salts, in a dry state, or dissolved in 
very little water, on adding sulphuric acid, and applying heat, 
are decomposed; and if a stopper, moistened with solution of 
pure ammonia, be held over the vessel, white clouds will 
appear. For distinguishing whether nitric or muriatic acid be 
the cause of this appearance, rules will be given hereafter. 
PAs At A NAR, NN RE AMBER EA 9 SMR aRNER LE eo eRe 


* Klaproth, vol,i, page 279. t Nicholson’s J ournal, xviii. 40. 
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5. Sulphuric acid is, also, a delicate test of the presence of 
vegetable or carbonaceous matter. When to any water con- 
taining it sulphuric acid is added, and the water is evaporated, 
it acquires a distinct brown colour, which becomes deeper as 
the liquor becomes more concentrated. | 


V.—Nitric and Nitrous Acids. 

These acids, if they occasion effervescence, give the same 
indications as the sulphuric. ‘The fuming red nitrous acid 
has been recommended as a test distinguishing between 
hepatic waters that contain hydro-sulphuret of potassa, and 
those that contain only sulphureted hydrogen gas. In the 
former case, a precipitate ensues on adding nitrous acid, and 
a very fetid smell arises; in the latter, a slight cloudiness only 
appears, and the smell of the water becomes less disagreeable. 
If a water, after boiling, gives a precipitate of sulphur, on 
adding nitrous acid, Westrumb concludes that this is owing 
to hydro-su]phuret of lime. 


VI.— Oralic ‘Acid and Oxalates. 


The oxalic acid is a most delicate test of lime, which it 
separates from most of its combinations. 

1. Ifa water, which is precipitated by oxalic acid, become 
milky on adding a watery solution of carbonic acid, or by 
blowing air through it from the lungs, by means of a quill or 
glass be. we may infer, that pure lime (or baryta, which has 
never yet been found pure in water) is present. 

2. If the oxalic acid occasion a precipitate before, but not 
after boiling, the lime is dissolved by an excess of carbonic 
acid. In this case, by heating the water, carbonate of lime is 
separated, in the form of a white sediment, or of a sediment 
tinged yellow by oxide of iron, when that metal is also pre- 
sent. 

3. If oxalic acid occasion a precipitate even after boiling, 
the solvent of the lime is a fixed acid. A considerable excess 
of any of the mineral acids, however, prevents the oxalic acid 
from throwing down a precipitate, even though lime be pre- 
sent; because some acids decompose the oxalic, aud others, 
dissolving, the oxalate of lime, prevent it from appearing.* 


- * See Kirwan on Waters, p. 88. 
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-. The oxalate of ammonia, or of potassa (which may easily be 
formed by saturating the respective carbonates of these alkalis 
with a solution of oxalic acid), are not liable to the above 
objection, and are preferable, as re-agents, to the uncombined 
acid. Yet even these oxalates fail to detect lime when greatly 
supersaturated with muriatic or nitric acids; and, if such an 
excess be present, it must be neutralized, before adding the 
test, with pure ammonia. A precipitation will then be pro- 
duced. The presence of other earths in solution, along with 
lime, also impedes deconyposition by oxalic acid and the 
oxalates. Thus a watery solution of sulphate of magnesia and 
sulphate of lime is not precipitated by these tests. 

The quantity of lime contained in the precipitate may be 
known, by first calcining it with excess of air, which converts 
the oxalate into a carbonate; and by expelling from this last 
its carbonic acid, by calcination, with a strong heat, in a 
covered crucible. According to Dr. Marcet, 117 grains of 
sulphate of lime give 100 of oxalate of lime, dried at 160°; 
but as there must be some uncértainty as to the degree of 
desiccation, it is perhaps the most accurate method to convert 
the oxalate into pure lime by calcination. ‘The use.of oxalate 
of ammonia, that excellent analyst finds, is in some degree 
limited by its property of precipitating the salts of iron. 

The fluate of ammonia, recommended by Scheele, I find to 
be a most delicate test of lime. It may be prepared by adding 
carbonate of ammonia to diluted fluoric acid, in a leaden ves- 
sel, observing that there be a small excess of acid. | 


Vil.—Pure Alkalis and Carbonated Alkalis. 


1. The pure fixed alkalis precipitate most of the earths and 
all the metals, whether dissolved by volatile or fixed menstrua, 
but only in certain states of dilution ; for example, sulphate of 
alumina may be present in water, in the proportion of four 
grains to 500, without being discovered by pure fixed alkalis; 
and if too much of the alkali be added to a more concentrated 
solution, the alumina is re-dissolved. If the alkali be perfectly 
free from carbonic acid, it does not precipitate lime, strontia, 
or baryta, except when those earths are held in solution by 
carbonic acid in excess, and then in the state of carbonates. 
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As the alkalis precipitate so many substances, it is evident 
that they. cannot afford any very precise information, when 
employed as re-agents. From the colour of the precipitate, 
as it approaches to a pure white, or recedes from it, an ex- 
perienced eye will judge, that the precipitated earth contains 
less or more of metallic admixture. Its precise composition 
must be ascertained by rules which will presently be given. 

2. Pure fixed alkalis also decompose all saits with basis of 
ammonia, which becomes evident by its smell (unless the salts 
are dissolved in much water), and ‘also by the white fumes it 
exhibits when a stopper, meistened with muriatic acid, is 
brought near. 

8. Carbonates of potassa and of soda have similar effects.: 

4, Pure ammonia precipitates most of the earthy and all the 
metallic salts; but if quite pure, it does not precipitate lime, 
baryta, or strontia, when held in solution by any acid, except 
the carbonic, nor does it discover very small quantities of 
magnesia. It has this advantage as a precipitant of alumina, 
than when added in excess it does not re-dissolve that earth. 
To any liquid that contains copper or nickel in a state of 
solution, ammonia imparts a deep blue colour ; the precipi- 
tated oxides of those metals being re-dissolved by an excess of 
the volatile alkali. 

5. Carbonate of ammonia has the same properties, except 
that it does not precipitate magnesia from its solutions at 
common temperatures. Hence, to ascertain whether this 
earth be present in any solution, add the carbonate of ammo- 
nia till no farther precipitation ensues; filter the liquor; raise 
it nearly to 212° Fahrenheit; and then add pure ammonia. 
If any precipitation now occurs, we may infer the presence of 
magnesia. It must be acknowledged that zirconia, yttria, and 
glucina, would escape discovery by this process; but they have 
" never yet been found in mineral waters; and their presence 
can scarcely be expected. Of the presence of magnesia 
another test is described in Section XIX. 


VIII.—Lime-Water. 


1. Lime-water is applied to the purposes. of a test, chiefly 
for detecting carbonic acid. Let any liquor supposed. to 
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contain this acid be mixed with an equal bulk of lime-water. 
If carbonic acid be present, either free or combined, a preci- 
pitate will immediately appear, which, .on adding a few drops 
of muriatic acid, will again be dissolved with effervescence. 

2. When lime-water is added to a water containing car- 
bonate of lime dissolved by an excess of carbonic acid, that 
excess unites with the newly added lime, and forms an insoluble 
precipitate. In this case, in addition to the carbonate of lime 
which before existed in the water, a fresh portion of carbonate 
is formed, and both are precipitated together. 

3. When neither uncombined carbonic acid, alkaline or 
earthy carbonates, alumina, nor oxide of iron, exist in a 
mineral water, lime-water is one of the best precipitants of 
magnesia. It is necessary, however, in order to obtain the 
magnesia, to concentrate the water by evaporation. Less 
than the twelfth part of a grain of magnesia in a wine pint of 
water, Mr. Phillips finds may be shown to exist by adding 
lime-water. (Ann. of Phil. N.S. i. 309.) 

4. Lime-water will also show the presence of corrosive sub- 
limate by a brick-dust coloured sediment; but of this substance, 
hydriodate of zinc isa much more sensible test. (See Ch. IX. 
Sect. XV.) If arsenious acid (common arsenic) be contained 
in a liquid, lime-water, when added, will occasion a precipi- 
‘tate, consisting of lime and arsenious. acid, which is very — 
difficultly soluble in water. ‘This precipitate, when mixed up 
with oil, and laid on hot coals, yields the well-known garlic 
sinell of arsenic. 


IX.—Pure Baryta, and its Solution in Water. 


1. A solution of pure baryta is even more effectual than 
lime-water in detecting the presence of carbonic acid, and is’ 
much more portable and convenient; since, from the crystals 
of this earth, the barytic solution may at any time be immedi- 
ately prepared. In discovering carbonic acid, the solution of 
baryta is used similarly to lime-water, and, if this acid be 
present, gives, in like manner, a precipitate soluble with effer- 
vescence in dilute muriatic acid. This part of the operation 
may be performed at the spring head, where we may add 
' sufficient barytic water to precipitate all the carbonic acid; but 
as sulphates also will be decomposed by the same test, it will 
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be necessary to ascertain the proportions of sulphate and car- 
bonate by the action of weak muriatic or nitric acid, which 
will dissolve the carbonate only. It may then be precipitated 
a second time by carbonate of soda. If the precipitate be 
dried, and exposed for a very short time to a low red heat, 
every 100 grains will indicate 22 grains = 471 cubic inches, 
of carbonic acid gas. 

2. The barytic solution is also a most consist test of sul- 
phuric acid and its combinations, which it indicates by a 
precipitate not soluble in muriatic acid.—Pure strontia has 
similar effects as a test. ‘The quantity of the precipitated sub- 
stance, indicated by the weight of the precipitate, will be 
stated in No. XV. 


SAT ‘ 


1. Of the metals, silver and mercury are tests of the pre- 
sence of hydro-sulphurets, and of sulphureted hydrogen gas. 
If a little quicksilver be put into*a bottle containing water im= 
pregnated with either of these substances, its surface soon 
acquires a black film, and, on shaking the bottle, a blackish 
powder separates from it. Silver is speedily tarnished by the 
Same Cause. 

2. A beautiful application of gold leaf as a test of the pre- 
sence of small quantities of salts containing nitric acid, has 
been contrived by Dr. Wollaston. Let the water, suspected 
to contain any nitrate, be concentrated by evaporation; then 
add a little sulphuric acid to the heated water, with a small 
quantity of muriate of soda, unless the water already contain 
some muriate, when the last-mentioned addition is unneces? 
sary. Immerse a little gold leaf in the mixture, and boil it. 
If any nitrate be-present, the gold leaf will be immediately 
dissolved, and a smell of aqua regia will generally be per- 
ceived. (Dr. Marcet on Sea Water, Phil. Trans. 1822, p. 452; 
and Faraday in Quart. Journ. xvii. 179.) | 

3. The metals may be used also as tests of each other, on 
the principle of elective affinity. Thus, for example, a po- 
lished iron plate, immersed in a solution of sulphate of copper; 
soon acquires a coating of the latter metal; and the same in — 
other similar examples. 

VOL, II, 2M 
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XI.— Sulphate of Iron. 

This is the only one of the sulphates, except that of silver, 
applicable to.the purposes of a test. When used with this 
view it is generally employed for ascertaining the presence of 
oxygen gas, of which a natural water may contain a small 
quantity. 

A water, suspected to contain this gas, may be mixed with 
a little recently-dissolved sulphate of iron, and kept corked 
up, in a phial completely filled by the mixture. If peroxide 
of iron be precipitated in the course of a few days, the water 
may be inferred to contain oxygen gas. 


X1I.—Sulphate, Nitrate, and Acetate of Silver. 

These solutions are all in some measure applicable, to 
similar purposes. 

1. They are peculiarly adapted to the discovery of chlorine 
and muriatic acid, and of chlorides and muriates. The silver, 
quitting its solvent, combines with the chlorine; and the 
oxygen, abandoned by the silver, unites with the hydrogen, 
of the muriatic acid. A flaky precipitate of chloride of 
silver falls down, which, at first, is white, but on exposure to 
the sun’s Jight, acquires a bluish, and finally a black colour. 
This precipitate, dried and fused by a gentle heat, Dr. Black 
states to contain, in 1000 parts, as much muriatic acid as 
would form 4251 of crystallized common salt, which estimate 
scarcely differs at all from that of Klaproth. The same 
quantity of chloride of silver (1000 parts) indicates, according 
to Kirwan, 4542 of muriate of potassa (chloride of potassium). 
Dr. Marcet’s experiments and my own indicate a larger pro- 
duct of chloride of silver from the decomposition of dry 
chloride of sodium, viz. not less than 240 grains from 100 of 
common salt. Hence 100 grains of fused chloride of silver 
denote 41.6 of chloride of sodium, and a quantity of chlorine 
capable of forming with hydrogen about 25 grains of muriatic 
acid. A precipitation, however, may arise from other causes, 
which it may be proper to state. 

2.-The solutions of silver in acids are precipitated by car- 
bonated alkalis and earths, The agency of the alkalis and 
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earths may, however, be prevented, by previously saturating 
them with a few drops of the same acid in which the oxide of 
silver is dissolved. 

3. The nitrate and acetate of silver are decomposed by the 
sulphuric and sulphurous acids; but this may be prevented by 
adding, previously, a few drops of nitrate or acetate of baryta, 
and, after allowing the precipitate to subside, the clear liquor 
may be decanted, and the solution of silver added. Should a 
precipitation now take place, the presence of muriatic acid, or 
some one of its combinations, may be inferred. ‘To remove 
“uncertainty, whether a precipitation be owing to sulphuric or 
muriatic acid, a solution of sulphate of silver may be employed 
in the first instance, which, when no uncombined alkali or 
earth is present, denotes with certainty the presence of the 
muriatic acid. According to Professor Pfaff; one part of 
muriatic acid of the specific gravity 1.15, diluted with 70,000 
parts of water, barely exhibits a slight opaline tinge, when 
tested with nitrate of silver; and, when diluted with 80,000 
parts of water, it is not affected at all* Mr. Meyer of Stettin 
assigns, however, a much more extensive power to nitrate of 
silver, as a test of muriatic acid.+ 

4. When solutions of silver are added to compounds of 
chlorine with oxides, for example to chloride of lime (oxide 
of calcium), no escape of oxygen gas takes place, although 
the silver cannot unite with chlorine without abandoning its 
oxygen. This oxygen, detached from the silver, must neces- 
sarily unite with the chlorine, and form chloric acid, which 
constitutes with silver a soluble compound. It is necessary, 
then, after adding nitrate of silver to solution of chloride of lime 
till no farther precipitate ensues, to decant the clear liquid, to 
evaporate it to dryness, and heat the residue. Oxygen gas 
will be disengaged, and to the residuum water acidulated with 
nitric acid may be added, which will leave the chloride of 
silver. ‘This process is always necessary when the base of any _ 
chloride, which we wish to decompose by nitrate of silver, isa 
metallic oxide. (Ann. de Chim. et Phys. xi. 108.) 

5. The solutions of silver are precipitated by sulphureted 
hydrogen, and by hydro-sulphurets; but the precipitate is 


* Nicholson’s Journal, xvii. 361. + Thomson’s Annals, v. 23. 
2M 2 
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then reddish, or brown or black ; or it may be, at first, white, 
and afterwards become speedily brown or black. It is soluble, 
in great part, in dilute nitric acid, which is not the case if 
occasioned by muriatic or sulphuric acid. 

6. The solutions of silver are precipitated by vegetable 
extractive matter; but, in this case, also, the precipitate has 
a dark colour, and is soluble in nitrous acid. 


XIIL.—Nitrate and Acetate of Lead. 


1. Acetate of lead, the most eligible of these two tests, is 
precipitated by sulphuric and muriatic acids; but, as we have 
much better indicators of both these acids, I do not enlarge 
on its application to this purpose. 

2. The acetate of lead is also a test of sulphureted hydrogen 
and of hydro-sulphurets of alkalis, which occasion a black 
precipitate; and, if white paper, on which characters are 
traced with a solution of acetate of lead, be held over a 
portion of water containing sulphureted hydrogen gas, they 
are soon rendered visible; especially when the water is a little 
warmed. 

3. The acetate of lead is employed in the discovery of un- 
combined boracic acid, a very rare ingredient of waters. ‘To 
ascertain whether this be present, some cautions are necessary. 
(a) The uncombined alkalis and earths (if any be suspected) 
must be saturated with acetic or acetous acid. (b) The sul- 
phates must be decomposed by acetate or nitrate of baryta, 
and the muriates by acetate or nitrate of silver. The filtered 
liquor, if boracic acid be contained in it, will continue to give 
a precipitate, which is soluble in nitric acid of the ane 
gravity 1.3 

4 eee of lead is said, also, by Pfaff, to Pa avery delicate 
test of carbonic acid; and that it renders milky water, which 
contains the smallest possible quantity of this acid. In this — 
case, the precipitate, which is produced, must necessarily be 
re-dissolved with effervescence, on adding a few dreps of acetic 
or diluted nitric acid. 


XIV.—Nitrate of Mercury prepared with and without Heat. 


This solution, differently prepared, is sometimes employed 
as a test. 


SECT. TI. ANALYSIS OF MINERAL WATERS. 538 


1. The solution of nitrate of mercury, prepared without 
heat (proto-nitrate) has been found by Pfaff to be a much more 
sensible test of muriatic acid than nitrate of silver. Its sensi- 
bility, indeed, is so great, that one part of muriatic acid, of 
the specific gravity 1.150, diluted with 300,000 parts of water, 
is indicated by a slightly dull tint ensuing on the addition of 
the test. 

2. It is, at the same time, the most sensible test of ammonia, 
one part of which, with 30,000 parts of water, is indicated by 
a sa blackish yellow tint, on adding the nitrate of mercury.* 

. The nitrate of mercury is also precipitated by highly 
dilnted phosphoric acid; but the precipitate is soluble in an 
excess of phosphoric or nitric acid, which is not the case if it 
has been occasioned by muriatic acid. 


XV.—Muriate, Nitrate, and Acetate of Baryta. 


1. These solutions are all most delicate tests of sulphuric 
acid and of its combinations, with which they give a white 
precipitate, insoluble in diluted muriatic acid. ‘The delicacy 
of the test is such that 1 grain of Glauber’s salt (containing 
0.2469 grain of sulphuric acid) dissolved in 12,000 grains of 
pure water, is sensibly precipitated by muriate of baryta. 
(Thomson.) Barytic salts are decomposed, however, by alka- 
line carbonates ; but the precipitate thus occasioned is soluble 
in diluted muriatic or nitric acid, with effervescence, and 
may even be prevented by adding, previously, a few drops 
ofthe same acid as that contained in the barytic salt, which 
is employed. 

One hundred grains of ary sulphate of baryta contain 33.9 
of real athe acid. From KElaproth’s experiments, it 
appears, that 1000 grains of sulphate of baryta indicate 595 
of desiccated sulphate of soda, or 1416 of the crystallized salt. 
The same chemist has shown, that 100 grains of sulphate of 
baryta are produced by the precipitation of 71 grains of sul- 
phate of lime, of ordinary dryness. The results of my own 
experiments are stated in vol. 1. page 594. From these it 
follows, that 100 grains of ignited sulphate of baryta denote 57 
of calcined sulphate of lime; or 73 of the same sulphate, dried 


* Saussure, Thomson’s Annals, vi. 430. 
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by a temperature of only 160° Fahrenheit.  Desiccated. sul- 
phate of magnesia, when decomposed by muriate of baryta, 
affords twice its weight of the barytic sulphate. 

It has been remarked by Berzelius, that when sulphuric 
acid is precipitated from some of the weaker bases by a barytic 
salt, the precipitated sulphate of baryta is combined with a 
portion of those bases. ‘Thus when sulphate of iron or copper 
is decomposed by muriate of baryta, the sulphate of baryta, 
when dried and calcined, assumes a reddish colour in the 
first case, or a yellowish green in the second. In order, there- 
fore, to determine with precision the quantity of sulphuric acid, 
it is necessary to remove the excess of oxide by some acid in 
which it is soluble. (Ann. de Chim. et de Phys. xiv. 376.) 

2. By the cautious addition of acetate of baryta, as long as 
it occasions any precipitate, all the sulphates existing in any 
solution are decomposed, and their bases are obtained united 
with acetic acid. By evaporating the liquid to dryness, and 
calcining the residuum, the acetic acid is destroyed, and the 
bases of these salts may be obtained separate, or combined 
--only with carbonic acid, and.in this state may be recognised 
by properties which are more characteristic than those belong- 
ing to them in a state of more energetic combination. Jn this 
way the alkaline bases may be obtained separately from the 
earthy ones; for the mere addition of water to the incinerated 
mass takes up the former, and leaves the latter. 

3. Phosphoric salts occasion a precipitate also, with barytic 
solutions, which is soluble in dilute muriatic and nitric acids 
without effervescence. 


XVI.—Triple Prussiate, or Ferro-Cyanate of Potassa and 

of Lime. 

Of these two, the prussiate of potassa is the most eligible. 
When pure, it does not speedily assume a blue colour on the 
addition of an acid, nor does it immediately precipitate muriate 
of baryta.’ Ferro-cyanate of ammonia is preferred by some 
chemists, (see Quart. Journ. ix. 408.) but I believe: it has no 
real advantage over that of potassa. 

Prussiate of potassa is a very sensible test of iron, with the 
solutions of which in acids it produces a prussian blue_preci- 
pitate in consequence of a double elective affinity. To render 
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its effect more certain, however, it may be proper to add, 
previously, to any water suspected to contain iron, a little 
muriatic acid, with a view to the saturation of the uncombined 
alkalis or earths, which, if present, prevent the detection of 
very minute quantities of that metal by the prussian test. 

1. If a water, after boiling and filtration, does not afford a 
blue precipitate, on the addition of prussiate of potassa, the 
solvent of the iron may be inferred to be a volatile one, and 
probably the carbonic acid. 

2. Should the precipitation ensue in the boiled water, the 
solvent is a fixed acid, the nature of which must be ascertained 
by other tests. 

Doubts had been thrown, by several chemical writers, on 
the fitness of the ferro-cyanate of potassa for determining the 
quantity of iron in solutions of that metal. But Mr. Porrett, 
in his able inquiry into the nature of the triple prussiates, 
has shown that, with certain precautions, the ferro-cyanate of 
potassa is fully adequate to this purpose.* It is necessary to 
observe, 

Ist. That if the ferro-cyanate itself, after being dissolved in 
water, gives, immediately, a blue precipitate by the addition 
of muriatic acid, it is not pure, and will afford a fallacious 
result. 

Qdly. That if the salt, however pure, be added in excess, 
to a solution of iron containing an excess of acid, and then 
heated, the prussian blue thrown down will weigh more than 
it ought; because some is furnished by the decomposition of 
the ferro-cyanic acid, contained in that part of the salt, which 
has been added in excess. 

3dly. That prussian blue, even after it has been formed, is 
materially acted upon by a mixture of nitric and muriatic 
acids, and, in some degree, by the muriatic acid alone at a 
boiling heat. 

4thly. That prussian blue, when precipitated, often carries 
with it sulphate of potassa,.derived from the liquid from which 
it is thrown down; and that this sulphate adheres to it so 
obstinately, that several washings with water, acidulated with 
sulphuric acid, are necessary to detach it, — 


ai Phil, Trans, 1814, p. 598. 
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Sthly. That if the. solution, to which the test is applied, 
contain not only iron, but alumina, oxide of copper, or any 
other substance, which the test is known to precipitate, that 
substance should be removed, by the usual means, previously 
to the application of the test. 

Suppose then, for example, that we have baryta, algciiiay 
magnesia, and oxides of iron and copper, in a state of solution 
by nitro-muriatic acid. ‘The solution, if not already neutral, 
should first be rendered so by the cautious addition of ammonia, 
The barytic salt may next be decomposed by a solution of 
sulphate of soda, poured in till it ceases to occasion a precipi- 
tate. Ammonia, added to the residuary liquor, throws down 
the other earths and oxides, and an excess of it will re-dissolve 
the oxide of copper. From the insoluble part, consisting of 
alumina, magnesia, and oxide of iron, solution of pure potassa 
will remove the alumina. ‘The oxide of iron and the magnesia 
may then be re-dissolved in any suitable acid; and into the 
solution, neutralized, or nearly so, by ammonia, if necessary, 
the ferro-cyanate may be poured, till it ceases to produce 
any effect, taking care to add as little excess as possible. 
The precipitate washed, dried at a steam heat, and weighed, 
will indicate in every 100 grains, 34.235 grains of peroxide of 
iron. 3 . 

Besides iron, the prussiated alkalis also. precipitate muriate 
of alumina. No conclusion, therefore, can be deduced, 
respecting the non-existence of muriate of alumina from any 
process, in which the prussic test has previously been used. 
It will, therefore, be proper, if a salt of alumina be indicated by 
other tests, to examine the precipitate effected by ferro-cyanate 
of potassa. This may be done by repeatedly boiling it to 
dryness with muriatic acid, which takes up the alumina, and. 
leaves the prussiate of iron. From the muriatic solution, the 
alumina may be precipitated by a solution of carbonate of 
potassa. 

According to Klaproth (ii. 55), solutions of yttria (which, 
earth, however, is not likely to be present in any. mineral 
water) afford, with the prussian test, a white precipitate, 
passing to pearl-grey, which consists of prussiate of yttria. 
This precipitate disappears on adding an acid, and hence 
may be separated from prussiated iron. The same accurate 
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chemist states, that the prussian test has no action on salts 
with base of glucina (ii. 55); but that it precipitates zirconia 
from its solutions (ii. 214). 

The prussiated alkalis decompose, also, all metallic’ solu- 
tions excepting those of gold, platinum, iridium, rhodium, 
osmium, and antimony. - 


XVII.—Succinate of Soda and of Ammonia. 


1. The succinate of soda was first recommended by Gehlen, 
and afterwards employed by Klaproth (Contributions, ii. 48), 
for the discovery and separation of iron. The salt with base 
of ammonia has also been used for a similar purpose by Dr. 
Marcet, late physician to Guy’s Hospital, in a skilful analysis 
of the Brighton chalybeate, which was published in the new 
edition of Dr. Saunders’s Treatise on Mineral Waters. 

The succinic test is. prepared by slightly super-saturating 
carbonate of soda or ammonia with succinic acid. In apply- 
ing the test, it is necessary not to use more than is sufficient 
for the purpose; because an excess of it re-dissolves the pre- 
cipitate. ‘The best mode of proceeding is to heat the solution 
containing iron, and to add gradually the solution of the suc- 
cinate, until it ceases to produce any turbidness. A brownish 
precipitate is obtained, consisting of per-succinate of iron. 
This, when calcined with a little wax, in a low red heat, gives 
an oxide of iron, containing about 70 per cent. of the metal, 
From Dr. Marcet’s experiments, it appears that 100 grains of 
iron, dissolved in sulphuric acid, then precipitated by the 
succinate test, and afterwards burned with wax, give 148 of 
oxide of iron; that is, 100 grains of the oxide indicate about 
674. of metallic iron. 

2. The succinates, however, it is stated by Dr. Marcet and, 
Mr. Ekeberg, precipitate alumina, provided there be no con- 
siderable excess of acid in the aluminous salt. On magnesia 

-it has no action, and hence may be successfully employed in, 
the separation of those two earths. If 100 parts of octohedral 
crystals of alum be entirely decomposed by succinate of am-. 
monia, they give precisely 1% parts of alumina calcined in a, 
dull red heat. The succinate of ammonia, it is stated by. 
Mr. Ekeberg,* precipitates glucina; and the same test, ac~. 
LL 


* Journ, des Mines, No. Ixx. 
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cording to: Klaproth (ii, 214), throws down zirconia from its 
solutions, 

To separate all the iron and alumina Gibn any water, long 
boiling is necessary with free access of air; in order that the 
iron may be completely oxidized; or this end:will be attained 
more expeditiously by adding nitric acid, then digesting, and 
afterwards neutralizing, as exactly as possible, the redundant 
acid with ammonia, peter adding the succinate. . On salts 
with base of the protoxide of iron, the succinates have no 
action. 


XVIII.—Benzoic Acid, and Benzoate of Ammonia. 


Benzoic acid, or, still better, benzoate of ammonia, preci-~ 
pitates iron readily and entirely; and being much cheaper, 
and more readily obtained, than succinate of ammonia, may 
be substituted for the latter salt. It has, also, one lasts 
that it does not decompose the salts of manganese.* 


XIX.—Phosphate of Soda, 


A method of completely precipitating magnesia from its 
solutions has been suggested by Dr. Wollaston. It is founded 
on the property which fully neutralized carbonate of ammonia 
possesses; first to cause the solution of the carbonate of mag- 
nesia, formed when the ammoniacal carbonate is added to the 
solution of a magnesian salt, and afterwards to yield that earth 
to phosphoric acid, with which and ammonia it forms a triple 
salt. For this purpose, a solution of carbonate of ammonia, 
prepared with a portion of that salt which has been exposed, 
spread on a paper, for a few hours to the air, is to be added 
to the solution of the magnesian salt sufficiently concentrated ; 
or to a water suspected to contain magnesia, after being very 
much reduced by evaporation. No precipitate will appear, 
till a solution of phosphate of soda is added, when an abun- 
dant one will fall down. 

A neat and effectual way of applying this test is practised 
by its inventor, as follows :—Spread upon a piece of glass the 
clear solution supposed to contain magnesia, then add a few 
drops of the solutions of carbonate of ammonia and phosphate 

* Thomson’s Annals, ix. 163 ; Phil, Mag, xl. 258, 
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of soda in succession ; and trace the word magnesia, or any 
other, upon the glass so covered, with the end of a glass rod. 
If magnesia be present the word which is traced will appear 
in white-characters; if not, no such appearance will result. 
(Quart. Journ. xiv. 229, xv. 336.) ‘ 

When the quantity of magnesia is to be ascertained, let the 
precipitate be washed, collected on a filter, and dried in a 
temperature not exceeding 100° Fahrenheit. One hundred 
grains of it will indicate 19 of pure magnesia; 44 carbonate; 
about 66 of muriate of magnesia; and 62 of desiccated, or 
double that quantity of crystallized, sulphate of magnesia, If, 
instead of drying the precipitate at a gentle heat, which leaves 
an uncertain quantity of water in it, we calcine it, we may 
then reckon the calcined phosphate of magnesia to indicate 
in every hundred grains, 40 grains of magnesia, or to be equi- 
valent to 250 grains of the crysta‘lized sulphate of that earth. 

Mr. Richard Phillips has suggested (Ann. of Phil. N. S. i. 
308) that some fallacy in the use of this test may be occasioned 
by the carbonate of lime, which all sesqui-carbonate of ammo- 
nia contains. Hence the addition of phosphate of soda may 
throw down phosphate of lime as well as the ammoniaco-mag- 
nesian phosphate. 


XX.—Muriate of Lime—Muriate of Platinum.—Muriate of 
Gold. 


1. Muriate of lime is principally of use in discovering the 
presence of alkaline carbonates, which, though they very 
rarely occur, have sometimes been found in mineral waters. 
Carbonate of potassa exists in’ the waters of Aix-la-Chapelle ; 
that of soda, in the water of a few springs and lakes; and the 
ammoniacal carbonate was detected by Mr. Cavendish in the ~ 
waters of Rathbone-place. Of all the three carbonates, 
muriate of lime is a sufficient indicator; for those salts sepa- 
rate from it a carbonate of lime, soluble with effervescence in 
muriatic acid. .If the solution be filtered and evaporated, 
and the dry residuum be heated, muriate of ammonia will be 
known by its volatility. The resulting salts with base of po- 
tassa and soda will, under the same circumstances, remain 
fixed. 
2. With respect to the discrimination of the different alkalis, 
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potassa and its compounds may, according to Dr. Wollaston, 
be detected by the muriate of platinum, which distinctly and 
immediately precipitates potassa, and is not affected by soda. 
(See also Faraday in Quart. Journ. xvii. 179.) Carbonate of 
ammonia may be discovered by its smell; and by its precipi- 
tating a neutral salt of alumina, while it has no action appa- 
rently on cold solutions of magnesian salts. 

$. Muriate of gold has been recommended as a most 
delicate test of protoxide of iron, surpassing even the gall- 
nut; but it requires the presence of a little carbonate of soda, 
which, in some cases, may interfere with its use. A precipi- 
tate is formed, which gradually assumes a purple colour. 
(Quart. Journ. xv. 382.) 


XXI.—Solution of Soap in Alcohol. 


This solution may be employed to ascertain the comparative 
hardness of waters. With distilled water it may be mixed, 
without any change ensuing; but, if added to a hard water, it 
produces a milkiness, and even a curdy appearance, more con- 
siderable as the water is less pure. From the degree of this 
change, an experienced eye will derive a tolerable indication 
of the quality of the water. This effect is owing to the alkali 
quitting the oil, whenever there is present in a water any sub- 
stance, for which the alkali has a stronger affinity than it has 
for oil. Thus all uncombined acids, wid all salts with earthy 
and metallic bases, decompose soap, and occasion that pro- 
perty in waters which is termed hardness. At the same time 
an insoluble soap is formed by the union of the oil with the 
earthy base. 

X XII.— Alcohol. 


Alcohol, when mixed in any water, in the proportion of 
about ai equal bulk, precipitates all the salts which it is inca- 
pable of dissolving. (See Kirwan on Waters, page 263.) 


XXITI.—HAydro-Sulphuret of Ammonia. 


This and other hydro-sulphurets, as well as water saturated 
with sulphureted hydrogen, may be employed in detecting 
lead and arsenic; with the former of which they give a black, 
and with the latter a yellowish precipitate. As lead and 
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arsenic, however, are never found in natural waters, I shall 
reserve, for another occasion, what I have to say of the 
application of these tests. 


XX1IV.—S tarch. 


Starch is the appropriate test of iodine, which has been 
discovered in the waters of Sales in Piedmont. (Ann. de Ch. 
et de Ph. xxiii. 419.) If the iodine be combined with a base, 
it will be necessary to add previously a little muriatic acid. 
After this, ;1,th of iodine is manifested by a violet or 
purple colour. 


TABLE, 


Showing the Substances that may be expected in Mineral Waters, 
and the Means of detecting them.* 


Acids in general. Infusion of litmus. Syrup of violets, I. 

Acid, boracic. Acetate of lead, XIII. 3. 

Acid, carbonic. Infusion of litmus, I. 1,2. Lime-waters, 
VIII. 1. Barytic water, IX. 1. Acetate of lead, XIII. 4. 

Acid, muriatic. Nitrate and acetate of silver, XII. Nitrate 
of mercury, XIV. 

Acid, nitric. Sulphuric acid, IV. 4. 

Acid, phosphoric. Solutions of baryta, XV.2. Nitrate of 
mercury, XIV. 3. 

Acid, sulphurous. By its smel],—and destroying the colour 
of litmus, and of infusion of red roses;—by the cessation of 
the smell a few hours after the addition of the black oxide of 
manganese. 

Acid, sulphuric. Solution of pure baryta, IX. Barytie: 
salts, XV. Acetate of lead, XII. 

Alkalis in general. Vegetable colours, II. Muriate of 
lime, XX. . Be 

Alumina dissolved by acids. Succinates X VII. 

Ammonia, by its smell, and tests, II. Nitrate of mercury; 
XIV. 2. 

Baryta and its ana by sulphuric acid, IV. 


* A Table of Substances actually found in the PUeaP mineral waters 
will be inserted in the Appendix. 
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Carbonates in general. Effervesce on adding acids, without 
any unpleasant smell. | , 

Earths dissolved by carbonic acid. By a precipitation on 
boiling ;—by pure alkalis, VII. Solution of soap, X XI. 

Hydro-sulphuret of lime. Sulphuric acid, IV. ‘Nitrous 
acid, V. 

Tron dissolved by carbonic acid. ‘Tincture of galls, III. 1. 
Prussiate of potassa, XVI. 1. Succinate of ammonia, XVII. - 
Benzoate of ammonia, XVIII. 

Iron dissolved by sulphuric acid. Same tests, III. 3. XVI. 2. 
XVII. 

Lime in a pure state. Water saturated with carbonic acid. 
Blowing air from the lungs. Ovxalic acid, VI. 

Boas dissolved by carbonic acid. Precipitation on Kotling, 
Caustic alkalis, VII. Oxalic acid, VI. 

Lime dissolved by sulphuric acid. Oxalate of ammonia, VI. . 
Barytic solutions, IX..and XV. | 
- Magnesia dissolved by carbonic acid. Precipitation on boil- 
ing,—the precipitate soluble in dilute sulphuric acid. 

Magnesia dissolved by other acids. Precipitated by pure 
ammonia, not by the carbonate, VII. 5. Phosphate of soda, 
XIX. Lime water, VIIT. 3. | 

Muriates of alkalis. Solutions of silver, XII. 

—+—- of lime. Solutions of silver, XII. Oxalie acid 
and oxalate of ammonia, VI. | 

Nitrate of potassa, and other nitrates. Gold leaf, X. 2. 

Oxygen gas. Sulphate of iron, XI. | 

Potassa, and tts salts. Muriate of platinum, XX. 2. 

Silica. A precipitate by muriate of ammonia not soluble'i in 
dilute-nitric acid. 

Soda, carbonate of. Muriate of lime, XX. 1. 

Sulphates in general. Barytic solutions, IX. and xv. 
Acetate of lead, XIII. 

Sulphate of alumina. Barytic solutions, 1X.and XV. A 
precipitate by carbonate of ammonia not soluble in acetous 
acid, but soluble in pure fixed alkalis by boiling. Succinates, 
XVII. 2. 

Sulphate of lime. Barytic solutions, IX. and XV. Oxalic 
- acid and oxalates, VI. A precipitate PY alkalis not soluble in 
dilute sulphuric acid. 
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_ Sulphaie of magnesia. Barytic solutions, IX. and XV. 

Phosphate of soda and carbonate of ammonia, XIX. 

Sulphate of potassa.  Barytic solutions, IX. and XV; 
Muriate of platinum, XX, 2. 

Sulphate of soda. Barytic salts, IX. and XV. Muriate of 
platinum, XX. 

Sulphurets of alkalis. Polished metals, Xi Smell on dddiag 
sulphuric or muriatic acid. Nitrous acid, V. 

Sulphureted hydrogen gas. By itssmell. Infusion of litmus, I. 
Polished metals, X. Acetate of lead, XIII. 2.* - 

Vegetable matter. Sulphuric acid, IV. 


Art, 2.—Analysis of Waters by Evaporation. 


Before proceeding to the evaporation of any natural water, 
its gaseous contents must be collected. This may be done by 
filling with the water a large glass globe or bottle, capable of 
holding about 50 cubical inches, and furnished with a ground 
stopper and bent tube. ‘The bottle is to be placed, up to its 
neck, in atin kettle filled with a saturated solution of common 
salt, which must be kept boiling for an hour or two, renewing, 
by fresh portions of hot water, what is lost by evaporation. 
The disengaged gas is to be conveyed, by the bent tube, 
into a graduated jar, filled with, and inverted in, mercury, 
where its bulk is to be determined. On the first impression 
of the heat, however, the water will itself be expanded, and 
portions will continue to escape into the graduated jar, till 
the water has attained its maximum of temperature. This 
portion must be measured, and its quantity be deducted from 
that of the water submitted to experiment. If a considerable 
proportion of gas be contained in a mineral water, the best 
way of receiving it is into a small gazometer. 

In dithianine, with precision, the quantity of gas, it is 
necessary to attend to the state of the barometer and thermo- 
meter, and to other circumstances already enumerated, vol. 7. 
page 22. Rules also for reducing observations made under 
different states of the barometer and thermometer, to a mean 
standard, will be found in vol. i. p. 23. 


: The vapour of putrefying aaimal or vegetable matter dissolved in water, 
according to Klaproth, vol. i, p. 590, often gives a deceptive indication of 
sulphureted hydrogen. : 
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~The gases, most commonly discovered in mineral waters, 
are carbonic acid ; sulphureted hydrogen ; nitrogen gas ; oxygen 
gas; and, in the neighbourhood of volcanoes only, saudphurous 
acid gas. 'To determine the proportion of these and other 
gases, constituting a mixture obtained from any mineral water, 
full directions have already been given in the first section of 
this chapter, (page 492 and following.) 

The vessels employed for Evaporation should be of such 
materials, as are not likely to be acted on by the contents of 
the water. 1 prefer those of unglazed biscuit ware, made by 
Messrs. Wedgwood; but, as their surface is not perfectly 
smooth, and the dry mass may adhere so strongly as not to be 
easily scraped off, the water, when reduced to about one tenth 
of its volume, or less, may be transferred, with any deposit that 
may have taken place, into a smaller vessel of glass. Here 
let it be evaporated to dryness, at a temperature not exceeding 
300° Fahrenheit. . 

_ (a) The dry mass, when collected and accurately weighed, 
is to be put into a bottle, and alcohol poured on it, to the 
depth of an inch. After having stood a few hours, and been 
occasionally shaken, pour the whole on a filter, wash it with a 
little more alcohol, and dry and weigh the remainder. 

(b) To the undissolved. residue, add eight times its weight 
of cold distilled water; shake the mixture frequently ; py 
after some time, filter; ascertaining the loss of weight. 

(c) Boil the residuum, for a quarter of an hour, in some- 
what more than 500 times its weight of water, and afterwards 
filter. 

(d) The residue, which must be dried and wigiciandl is no 
longer soluble in water or alcohol. If it has a brown colour, 
denoting the presence of iron, let it be moistened with water, 
and exposed to the sun’s rays for some weeks. Or if so long 
a process be inconvenient, moisten it with nitric acid, and 
then dry and ignite it. ‘This will peroxidize the iron. 

I. The solution in alcohol (a) may contain one or all of the 
following salts: Muriates of lime, magnesia, alumina, or 
baryta ; or nitrates of the same earths. Sometimes, also, 
the alcohol may take up a sulphate of iron, in which the 
metal is oxidized to the maximum. This will appear from 
its reddish brown colour. 54. 
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1. In order to discover the quality and quantity of the 
ingredients, evaporate to dryness; weigh the residuum; add 
above half its weight of strong sulphuric acid; and apply a 
moderate heat. The muriatic or nitric acid will be expelled, 
and will be known by the colour of their «fumes; the former 
being white, and the latter orange coloured. 

2. To ascertain whether lime or magnesia be the basis of 
the salts, let the heat be continued till no more fumes arise, 
and let it then be raised, to expel the excess of sulphuric acid. 
To the dry mass, add twice its weight of distilled water. 
This will take up the sulphate of magnesia, and leave the 
sulphate of lime. The two sulphates may be separately 
decomposed, by boiling with three or four times their weight 
of carbonate of potassa. ‘The carbonates of lime and magnesia, 
thus obtained, may be separately dissolved in muriatic acid, 
and evaporated. ‘The weight of the dry salts will inform us_ 
how much of each the alcohol had taken up. Lime and mag- 
nesia may also be separated by the use of the phosphate of 
soda, applied in the manner already described, (No. XIX.) 
Alumina and magnesia may be separated from each other, 
by adding to their mixed and heated solutions an excess of 
potassa which will dissolve the alumina only. 

The presence of baryta, which is very rarely to be expected, 
may be known by a precipitation ensuing on adding sulphuric 
acid to a portion of the alcoholic solution, which has been 
diluted with 80 or 100 times its bulk of pure water. 

Some of the salts obtained by the action of alcohol, it is 
supposed by Grotthus, are actually formed by its operation. 
Sulphate of soda and muriate of magnesia, for example, when 
found in an alcoholic solution, result, he believes, from the 
mutual decomposition of sulphate of magnesia and muriate of 
soda.* 

IJ. The watery solution (b) may contain a variety of salts, 
the accurate separation of which from each other is a problem 
of considerable difficulty. The number, however, of salts, 
that are capable of existing together in solution, is much 
limited by the mutual action of several in decomposing each 
other. Such salts are said to be incompatible. A table of 


* Ann. de Chim. et Phys. iv. 366, 
VOL, II. 2N 
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them is inserted in the Appendix, which it is proper that the 
reader should consult, before attempting to analyze any mixed 
saline solution, 

1. The analysis of as Ealing solution may be attempted by 
crystallization. For this purpose, let one half be evaporated 
by a very gentle heat, not exceeding 80° or 90°. Should « any 
crystals appear on the surface of the solution, while hot, in 
the form of a pellicle, let them be separated and dried on 
bibulous paper. These are chloride of sodium or common 
salt. 'The remaining solution, on cooling very gradually, will, 
perhaps, afford crystals sufficiently distinguishable by their 
form and other qualities. When various salts, however, are 
contained in the same solution, it is extremely difficult to 
obtain them distinct enough in their forms to ascertain their 
kind. 

2. The nature of the aaline contents must, therefore, be 
examined by tests, or re-agents. 

The presence of an cgoranes alkali will be discovered 
by the stained papers (II), and of acids by the tests (I), The 
vegetable alkali, or potassa, may be distinguished from the 
mineral, or soda, by saturation with sulphuric acid, and eva- 
poration to dryness; the sulphate of soda being much more 
soluble than that of potassa; or, by supersaturation with 
tartaric acid, which gives a soluble salt with soda, but not 
with potassa. Muriate of platinum, also, is an excellent test 
of potassa and its combinations; for, with the smallest portion 
of this alkali, or any of its salts, it forms a distinct and imme- 
diate precipitate; while it is not at all affected by soda or its 
compounds. 

If neutral salts be present in the solution, we have to ascer- 
tain both the nature of the acid and of the basis. ‘This may 
be done by attention to the rules already given for the appli- 
cation of tests, which it is unnecessar ue to repeat in this place, 
(See the Table, page 541.) 

Ii]. The solution by boiling water contains scarcely any 
thing beside sulphate of lime. 

IV. The residuum (d) is to be. i astclh in distilled vinegar, 
which takes up magnesia and lime, but leaves, undissolved, 
alumina, silica, and peroxide of iron. LEvaporate the solution 
to dryness. If it contain acetate of lime only, a substance will 
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be obtained which does not attract moisture from the air; if 
magnesia be present, the mass will deliquiate. ‘Io separate 
the lime from the magnesia, proceed as in I. 

The residue, insoluble in acetous acid, may contain alumina, 
iron, and silica. ‘The two first may be dissolved by muriatic 
acid, from which the iron may be first precipitated by prussiate 
of potassa, and the alumina afterwards by ammonia. 


Dr. Murray’s Formula for the Analysis of Mineral Waters. 


Some ingenious views respecting the analysis of minera 
waters have been taken by the late Dr. Murray of Edinburgh.” 
In proceeding by the method of evaporation, the salts obtained 
are frequently, he conceived, the products of the operation, 
and not the original ingredients of the water. For example, 
though we may obtain from a mineral water, sulphate of lime 
and muriate of soda, yet it is probable, he thinks, that the 
water, in its natural state, held in solution both sulphate of 
soda and muriate of lime, which, though incompatible salts, 
if presented to each other in dense solution, may yet exist 
without mutual decomposition, when diffused through a large 
quantity of fluid. He argues, therefore, that we attain a 
much nearer approximation to the true composition of a 
mineral water, by disregarding the salts resulting from its 
evaporation; and, instead of this, determining with extreme 
precision the elements, or acids and bases, of which those 
salts are composed. ‘The peculiar mode of combination, in 
which they exist in the water submitted to analysis, can only, 
he thinks, be inferred by considering the most probable views 
of their binary composition. 

Having gained a general idea of the nature of any mineral 
water, by the agency of the tests already described, Dr. 
Murray recommends that we proceed to its minute analysis in 
the following manner. 

1. Reduce the water, by evaporation, as far as can be done 
without occasioning any sensible precipitation or crystalli- 
zation. 


* Edinb. Transact. viii. 250, or Thomson’s Annals. I retain his expres- 
sion, muriate of soda, because the explanation is correctly applicable to 
that salt when in a state of solution, as it is in mineral waters. 

Qn2 


548 OF ‘CHEMICAL ANALYSIS. ~ CHAP. XIV. 


2. Add muriate of baryta, as long as it occasions a preci- 
pitate, and no longer. By an experiment on a separate quan- 
tity, examine whether the precipitate effervesces with dilute 
muriatic acid, and whether it is entirely dissolved by that 
acid or not. If entirely soluble, dry and weigh it, and allow 
22 grains of carbonic acid for every 100 grains. If it do not 
effervesce, or dissolve, we may consider it as sulphate of 
baryta, and reckon that it contains, in a dry state, 34 grains 
of sulphuric acid in every 100. If it be partly soluble with 
effervescence, and partly insoluble, it consists both of carbonate 
aud sulphate of baryta, the former of which may readily be 
separated from the latter by diluted muriatic acid; and the 
vrecipitate being weighed in a dry state, both before and after 
the action of the acid, we learn the quantity of each; what 
remains being the sulphate only. 

By evaporation, the carbonic acid is expelled, and the sul- 
phuric acid is separated by the barytic salt. ‘he next object 
is to discover the kind and quantity of the bases present; and 
then to find the quantity of muriatic acid, originally contained 
in the water. 

3. To the clear liquor add a saturated solution of oxalate 
of ammonia, as long as any turbid appearance is produced. 
Collect the precipitate, which consists of oxalate of lime; dry 
it; and, by calcining it at a low red heat, convert it into a car- 
bonate, which may be changed into sulphate by a slight excess 
of sulphuric acid. The sulphate of lime, after ignition, contains 
4.1.5 of lime in 100. Or calculate the quantity of lime, by the 
rule already given, p. 207, from the weight of the oxalate. 

4. The next step is to separate the magnesia, which may 
be done as follows: Jet the clear liquid, remaining after the 
precipitation of the oxalate of lime, be heated to 100° Fahren- 
heit, and, if necessary, reduced a litile by evaporation ; and 
then add to it, first a solution of carbonate of ammonia, and 
afterwards of phosphate of ammonia, as Icng as any precipi- 
tation ensues. Wash the precipitate, dry and calcine it at a 
red heat for an hour, after which 100 grains may be estimated 
to contain 40 of magnesia. 

5. To estimate the soda, evaporate the liquor remaining 
after the preceding operations, to dryness, and expose the dry 
mass to heat as long as any vapours exhale, raising it, in the 


~ 
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end, to redness. The residual matter is muriate of soda, 100 
grains of which are equivalent to 53.3 soda, and 46.7 of 
miuriatic acid. 

6. It is possible that the muriatic acid, deduced from the 
residuary common salt, may exceed the true quantity, and 
that a part may have been introduced by the muriate of baryta. 
Or, on the other hand, if muriate of lime or magnesia were 
present in the water, the ammonia, by which those earths 
were separated, would form, with the muriatic acid quitted 
by them, a salt, which will have been dissipated by heat; 
and consequently the muriatic acid will have been stated too 
low. ‘To decide this, the simple rule is, to suppose the ele- 
ments, obtained by the analysis, combined in binary com- 
pounds according to the known proportions in which they 
unite. ‘The excess or deficiency of muriatic acid will then 
appear; and the amount of the excess, being subtracted from 
the quantity of muriatic acid existing in the muriate of soda 
obtained; or the amount of the deficit, being added to that 
quantity, the real quantity of muriatic acid will be apparent. 
—As a check on this operation, it may be proper to estimate 
directly the quantity of muriatic acid in a given portion of the 
water, by first abstracting any sulphuric or carbonic acid by 
nitrate of baryta, and then precipitating the muriatic acid by 
nitrate of silver. The real quantity of muriatic acid will thus 
be found ; and the result will form a check on the other steps 
of the analysis; for the other ingredients must bear that pro- 
portion to the muriatic acid which will correspond with the 
state of neutralization. 

Having thus discovered the different acids and bases, and 
determined their quantities, it remains to determine the state 
of combination in which they exist.. They may either be 
considered as forming simultaneous combinations, or as 
existing in the state of binary compounds. In the latter case, 
it is probable that the acids and bases are so united, as to form 
the most soluble compounds, and in this way we may state 
them. It may also be proper to give the quantity of binary 
compounds obtained by evaporation, or by any other direct 
analytic process. For example, the elements of the salts ina 
pint of sea-water, as determined by Dr. Murray’s analysis,* are, 


* Edin, Phil. Trans, 
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Ethie Wert, Oat see aaa 
“Magnesia ...... 14.8 
5 SOUR Sg cine eee 0.8 
Sulphuric acid .. 14.4 
Muriatic acid. ,.'. 97.7 


by 226.1 
The compound salts, as obtained by evaporation, are; 
Muriate of soda,... 180.5 grains | 
—magnesia 23. 
Sulphate of magnesia’ 15.5 
mane LIME Ce 7.1 


226.1 
But the salts existing in a pint of sea-water, in its natural 
state, before subjecting it to evaporation, may be calculated to be 
Muriate of soda.... 180.5 grains 
magnesia 18.3 
—lime .... 5.7 
Sulphate of magnesia 21.6 


perce ee 


oo 


SECTION III. 


Examination of Minerals.— General Directions. . 


Tue chemical analysis of minerals is attended even with 
greater difficulties than that of natural waters; and it would 
require not only a separate work, but one of considerable 
extent, to comprehend rules for determining the proportions 
of all possible combinations. On the present occasion, I mean 
only to offer a few general directions for attaining such a 
knowledge of the composition of mineral bodies, as may ena- 
ble the chemical student to refer them to their proper place in 
a mineral arrangement, and to judge whether or not they may 
admit of application to the uses of common life. ‘Those who 
are solicitous to become adepts in the art of mineral analysis, 
should study attentively the numerous papers of Vauquelin, 
Haitchett, and other skilful analysts, dispersed through various 
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chemical collections; and also an admirable work of M. Kla- 
proth, entitled, ‘* Analytical Essays towards improving the 
Chemical Knowledge of Minerals,” 2 vols. Svo. published in 
London in 1801. 

The great variety of mineral bodies, ich nature presents 
in the composition of this globe, have been classed by late — 
writers under a few general divisions. ‘They may be conve- 
niently arranged under four heads: Ist, Harrus; 2d, Santis; 
3d, INFLAMMABLE Fosstts; and 4th, Merats, and their Ores. 

I. Eartus. The term earth, we may use with Mr. Kirwan, 
to denote a tasteless, incdorous, dry, brittle, uninflammable 
substance, whose specific gravity does not exceed 4.9 (i. e. 
which is never five times heavier than water), and which gives 
no tinge to borax in fusion. Some exceptions to this defini- 
tion are afforded by the strong state of certain earths, and the 
solubility of others; but since a line must be drawn between 
salts and earths, it may begin where solution is scarcely 
perceptible; salts terminating, and earths, in strictness, com- 
mencing, where the weight of the water, requisite for the 
solution, exceeds that of the solvent 1000 times. Not to 
depart, however, too widely from the commonly received 
import of words that are in constant use, substances that 
require 100 times their weight of water to dissolve them, and 
have the other sensible properties of earths, may be so styled 
in a loose and popular sense. 

The stmple, or primitive earths, are those which can only 
be resolved into oxygen and a metallic basis. Such are lime, 
foagnesia, alumina, silica, &c. 

‘The compound earths are composed of two or more primi- 
tive earths, united chemically together. Sometimes the union 
of an earth with an acid constitutes what in common language 
is called an earth; as in the examples of sulphate of baryta, 
fluate of lime, &c. 

If. Sats. Under this head may be arranged all those sub-" 
stances that require less than 100 times their weight of water 
to dissolve them. ‘This description, though by no means so 
amply characteristic of the class of salts as to serve for an 
exact definition, is sufficient for our present purpose. 

-Iif. By InrLamMazce rossiis, the same author observes, 
are to be understood all those of mineral origin, whose prin- 
cipal character is inflammability; a criterion which excludes 
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the diamond and metallic substances, though also susceptible 
of combustion. Hoga 

IV. Meratiic sussTANCES are a eiesatata characterized 
by the external properties enumerated in Chapter: 1X.. Those 
on which nature has bestowed their proper-metallic appear- 
ance, or which are alloyed only with other metals or semi- 
metals, are called native metals. But those that are distin- 
guished, as they commonly are in mines, by combination with 
some other unmetallic substances, are said to be mineralized. 
The substance that sets them in that state is called a minera- 
lizer ; and the compound of both, az ore. Thus, in the most 
common ore of copper, this metal is found combined with 
sulphur. ‘I'he copper may be said to be mineralized by oxygen 
and sulphur, and the compound of the two bodies is called an 
ore of copper. | 


Art. I.—Method of examining a Mineral, the Composition of 
4 | which is unknown. | 

_ A MINERAL substance, presented to our examination with- 
out any previous knowledge of its. composition, should first be 
referred to one of the above four classes, in order that we may 
attain a general knowledge of its nature, before proceeding to 
analyze it minutely. 

I. To ascertain whether the unknown mineral contain saline 
matter, let 100 grains, or any other determinate quantity, in 
the state of fine powder, be put into a bottle, and shaken up 
repeatedly with 30 times its weight of water, of the tempera- 
ture of 120 or 130°. After having stood an hour or two, 
pour the contents of the bottle ona eat paper, previously 
weighed and placed on a funnel. When the water has drained 
off, dry the powder on a filtering paper, in a heat of about 
212°; and, when dry, let the whole be accurately weighed. 
If the weight be considerably less than the joint weight of the 
powder before digestion and the filtering paper, we may infer 
that some salt has been-dissolved, and the decrease of weight 
will indicate its quantity. 

In certain cases it may be adviseable to use repeated por-' 
tions of boiling water, when the salt suspected to be present 
is difficult of solution. 

Should the mineral under examination be proved, by the 
foregoing experiment, to contain much saline matter, the kind 
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and proportion miust next be determined, by rules which will 
hereafter be laid down. | 

II. The second class, viz. earthy bodies, are distGauished 
by their insolubility in water, by their freedom from taste, by 
their uninflammability, and by their specific gravity never 
reaching 5. If, therefore, a mineral be insoluble in. water, 
when tried in the foregoing manner; and if it be not con- 
sumed, either wholly or in considerable part, by keeping it, 
for some'time, on a red-hot iron; we may conclude'that .it is 
neither a salt nor an inflammable body. 

- ILI. The only remaining class with which it can be con- 
founded is that of ores of metals, from many of which it may be 
distinguished merely by poising it in the hand, the ores of 
metals being always heavier than earths; or, if a doubt should 
still remain, it may be weighed hydrostatically. ‘The mode of 
doing this it may be proper to describe; but the principle on 
which the practice is founded cannot with propriety. be 
explained here. Let the mineral be suspended by a piece of 
fine hair, silk, or thread, from the scale of a balance, and 
weighed in the air. Suppose it to weigh 250 grains. Let it 
next (still suspended to the balance) be immersed in a-glass 
of distilled-water, of the temperature of 60° Faht. The scale 
containing the weight will now preponderate. Add, therefore,, 
to the scale from which the mineral hangs, as many grain 
weights as are necessary to restore the equilibrium. Suppose: 
that 50 grains are necessary, then the specific gravity may be 
learned by dividing the weight in air by the weight lost in 
water. ‘Thus, in the foregoing case, 250 + 50 = 5; or, a 
substance which should lose weight in water, according to the 
above proportion, would be five times heavier than water. It 
must, therefore, contain some metal, though-probably in no 
ereat quantity. Any mineral, which, when weighed in the 
above manner, proves to be 5, 6, 7, or more times heavier 
than water, may, therefore, be inferred to contain a metal, 
and may be referred to the class of ores. 

IV. Inflammable substances are distinguished by their 
burning away, either entirely or in considerable part, on a 
red-hot iron; and by their detonating, when mixed with. 
powdered nitre, and thrown into a red-hot crucible. Certain 
ores of metals, however, which contain a considerable pro- 
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portion of inflammable matter, answer to this test, but may be 
distinguished from purely inflammable ‘substances. by their 
greater specific gravity. 

I shall now proceed to offer a few general rules for the 
more accurate examination of substances of each of the above 
classes. | 

Art. II.—Examination of Salis. ._.,.., 


1. A solution of saline matter, obtained in the foregoing 
manner (see page 544), may be slowly evaporated, and left to 
cool gradually. When cold, crystals will probably appear, 
which a chemist, acquainted with the forms of salts, will easily 
recognize. But, as several different salts may be present in 
the same solution, and may not crystallize in a sufficiently 
distinct shape, .it may be necessary to have recourse to the 
evidence of tests. 

2, Let the salt, in the first place, be referred to one of the 
following orders. 

(a) Acids, or salts with excess of acid. These are known by 
their effect on blue vegetable colours, The particular species 
of acid may be discovered by the tests enumerated, p. 541. 

(b) Alkalis. These are characterized by their effect on 
vegetable colours, and by the other properties enumerated, 
vol.i. p. 513. 

(c) Salts. with metallic bases. Metallic salts afford a very 
copious and generally a coloured precipitate, when mixed with 
a solution of ferro-cyanate of potassa. (See table, vol. i. p. 554.) 
To ascertain the species of metal, precipitate the whole by the 
ferro-cyanate, calcine the precipitate, and proceed according 
to the rules which will hereafter be given for separating metals 
from each other. 

(d) Salts with earthy bases. If a solution of salt, in which 
ferro-cyanate of potassa occasions no precipitation, afford a 
precipitate, immediately on adding pure or carbonated potassa, 
we may infer, that a compound of an acid, with some one of the 
earths, is present in the solution. Or if, after ferro-cyanate 
of potassa has ceased to throw down a sediment, the above- 
mentioned alkali precipitates a farther portion, we may infer 
that both earthy and metallic salts are contained in the solu- 
tion. In the first case, add the alkaline solution, and, when 
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it has ceased to produce any effect, let the sediment subside, 
decant the supernatant liquor, and wash and dry the precipi- 
tate. The earths may be examined, according to the rules 
that will be given in the following article. In the second case, 
ferro-cyanate of potassa must be added, as long as it precipi- 
tates any thing, and the liquor must be decanted from the 
sediment, which is to be washed with distilled water, adding 
the washings to what has "Been poured off. ‘The decanted 
solution must ‘next be mixed with the alkaline one, and the 
precipitated earths reserved for experiment. By this last pro- 
cess, earths and metals may be separated from each other. 
(e) Neutral salts with alkaline bases. ‘These salts are not 
precipitated either by ferro-cyanate or carbonate of potassa. 
It may happen, however, that salts of this class may be con- 
tained in a solution, along with metallic or earthy ones. In 
this case the analysis’ becomes difficult; because the alkali, 
which is added to precipitate the two last, renders it difficult 
to ascertain whether the neutral salts are owing to this addi- 
tion, or were originally present. I am not aware of any 
method of obviating this difficulty, except the following: Let 
the metals be precipitated by ferro-cyanate of ammonia, and 
the earths by carbonate of ammonia, in a temperature of 180° 
or upwards, in order to ensure the decomposition of magnesian 
salts, which this carbonate does not effect in the cold. Sepa- 
rate the liquor by filtration, and boil it to dryness. Then 
expose the dry mass to such a heat as is sufficient to expel the 
ammoniacal salts.* Those with bases of fixed alkali will remain 
unvolatilized. By this process, indeed, it will be impossible 
to ascertain whether ammoniacal salts were originally present; 
but this may be learned by adding to the salt under examina- 
tion, before its solution in water, some pure potassa, which, 
if ammonia be contained in the salt, will produce the peculiar 
smell of that alkali: The'vegetable and mineral alkalis may 
be distinguished by adding to the solution a little tartaric 
acid, which precipitates the former but not the latter ; or by 
muriate of platinum, which acts only on the vegetable alkali. 
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* This application of heat will drive off, also, any excess of the ammo- 
niacal carbonate, which might have retained in solution either yttria, 
glucina, or zirconia. The alkaline salts may be separated from these earths, 
‘ by boiling the mixture in water, ‘filtering, and evaporating. 
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. Having ascertained the basis, of the salt, the acid will easily 
-be discriminated. Muriated baryta will indicate . sulphuric 
acid; nitrate of silver the muriatic; and salts containing nitric 
acid, may be known by a detonation ensuing on projecting 
them, mixed with, powdered charcoal, into a red-hot crucible. 


ART. IIL. —Ewxamination of Earths and Stones. 


When a mineral, the composition of which we are desirous 
to discover, resists the.action of water, and possesses charac- 
-ters that rank it among earthy bedies, the next object of 
inquiry is the nature BE, the earths that enter into its compo- 
sition; in other words, how many of the simple earths, and 
which of them, it may contain.—Of these earths (vix. silica, 
alumina, magnesia, lime, strontia, baryta, zirconia, glucina, 
and yttria), one or more may be expected in the composition 
-of a mineral, beside a small proportion of metals, to which the 
colour of the stone is owing. In general, however, it is not 
-asual to find more than ae of the simple earths in one 
mineral, ‘The newly.discovered alkali, lithia, and the earths, 
zirconia, glucina, yttria, and thorina, occur very rarely. 
A stone, which is intended for chemical examination, should 
be finely powdered in a mortar, and care should be taken that 
the mortar is of harder materials than the stone, otherwise it 
will be liable to abrasion, and uncertainty will be occasioned 
in the result of the process. A. longer or shorter time is 
required, according to the texture of the stone. Of the harder 
gems, 100 grains require two or three hours’ trituration. For 
soft stones, a mortar of Wedgewood’s ware is sufficient; but, 
for very hard minerals, one of agate, or hard steel, is required ; 
and the stone should be weighed both before and after pul- 
_verization, that the addition, if any, may be ascertained and 
allowed for. Gems, and stones of equal hardness, gain gene- 
rally from 10 to,13 per cent. When a stone is extremely 
difficult to be reduced to powder, it may sometimes be neces- 
sary to make it red-hot, and while in this state to plunge it 
into cold water. By this process it becomes brittle, and is 
afterwards easily pulverized. But this treatment is not always 
effectual; for Klaproth found the hardness of corundum not 
at all diminished by igniting it, and quenching in cold water. 
The chemical agents, employed in the analysis of stones, 
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should be of the greatest possible purity. To obtain them in 
this state, ate Mocs have been given in the former part of this 
work, . 
In treating of the analysis of stones, it may be proper to 
divide een 1st, into such as are soluble, either wholly or in 
part, and with effervescence, in nitric or muriatic acids, 
diluted with five or six parts of water; and, 2dly, into. such 
as do not dissolve in these acids. 


1. Earths or Hah soluble with eer vescence, in di Daten hitric 
or sulphuric Acids.* 


(A) If it be found, on trial, that the mineral under examina- 
tion effervesces with either of these acids, let a given weight, 
finely powdered, be digested with one of them diluted in the 
above proportion, in a gentle heat, for two or three hours. 
Ascertain the loss of weight, in the manner pointed out, vol. 1. 
p. 543, and filter the solution, reserving the insoluble portion. 

(B) The solution, when effected, may contain. lime, mag- 
nesia, alumina, baryta, or strontia. To ascertain the pre- 
sence of the two last, dilute an aliquot part of the solution 
with 20 times its bulk of water, and add a little sulphuric acid, 
or, in preference, solution of sulphate of soda. Should a white 
precipitate fall down, we may infer the presence of baryta, of 
strontia, or of both. 

(C) To ascertain which of ahaa earths (viz. baryta or 
strontia) is present, or, if both are contained in the solution, 
to separate them from each other, add sulphate of soda to a 
very dilute solution, till the precipitate ceases; decant the 
supernatant liquid; wash the sediment on a filter, and dry,it.— 
Then digest it, with four times its weight of subcarbonate of 
potassa, and a sufficient quantity of water, in a gentle heat, 
during several hours. A double exchange of principles will 
ensue, and we shall obtain a carbonate of baryta or strontia, 
or a mixture of both, with some undecomposed sulphate. 
Pour on these, after being well washed, nitric acid, of the 
specific gravity 1.4, diluted with an equal weight of distilled 
water. ‘This will dissolve the strontia, but not the baryta. 
To determine whether any strontia has been taken up by the 


* The sulphuric acid is chiefly eligible for stones of the magnesian genus. 
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acid, evaporate the solution to dryness, and dissolve the dry 
mass in alcohol. This alcoholic solution, if it contain nitrate 
of strontia, will burn with a deep blood-red flame. 

Baryta and strontia may also be separated from each other 
in the following manner: Toa saturated solution of the two 
earths in an acid, add ferro-cyanate of potassa, which, if pure, 
will occasion no immediate precipitation; but, after some 
time, small and insoluble crystals will form on the surface of 
the jar. These are the prussiated baryta, which may be 
changed into the carbonate by a red heat, continued, with the 
access of air, till the black colour disappears. ‘The strontia 
may be afterwards separated from the solution by carbonate of 
potassa. | 

A third method of separating strontia from baryta is founded 
on the stronger affinity of baryta, than of the former earth, for 
acids. Hence if the two earths be present in the same solu- 
tion, add a solution of pure baryta, till the precipitation ceases; 
The baryta will seize the acid, and will throw down the strontia. 
The strontitic solution, in this case, should have no excess of 
acid, which would prevent the action of the barytic earth.* It 
must be acknowledged, however, that all these methods of 
separating baryta and strontia from each other are eet iy 
and that an effectual process is still a desideratum. 

(D) The solution (B), after the addition of sulphate of soda, 
may contain lime, magnesia, alumina, and some metallic 
oxides. ‘To separate the oxides, add ferro-cyanate of potassa, 
till its effects cease, and filter the solution, reserving the pre- 
cipitate for future experiments. 

(E) When lime, magnesia, and alumina, are contained in 
the same solution, proceed as follows. 

(a) Precipitate the solution, previously made hot, by car- 
biitate of potassa; wash the precipitate well, and dry it. It 
will consist of carbonate of lime, magnesia, and alumina. 
(b) The alumina may be separated by digestion with a solu- 
tion of pure potassa, which will dissolve the alumina, but not 
the other earths. (c) To this solution of alumina, add, very 


* Klaproth separates baryta from strontia by evaporating the mixed solu- 
tions of both. The barytic salt, being less soluble, separates first; and the 


strontitic is contained in the last portions. | 
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cautiously, diluted muriatic acid, till the precipitate ceases, and 
no longer: or, as Mr. Chenevix recommends, substitute mu- 
riate of ammonia, which throws down the alumina, without 
risk of re-dissolying it: decant the supernatant liquor; wash 
the precipitate well with distilled water, and dry it. Then 
expose it to a low red heat, in a crucible, and weigh it, which 
will give the proportion of alumina. 

(F) Magnesia and lime may be separated, though not with 
perfect accuracy, by the following process: Evaporate to 
dryness the solution in nitric or muriatic acid. Weigh the 
dry mass, and pour on it, in a glass evaporating dish,* more 
than its own weight of strong sulphuric acid. Apply a sand- 
“heat till the acid ceases to rise, and then raise the heat, so as 
to expel the excess of sulphuric acid. Weigh the dry mass, 
and digest it in twice its weight of cold distilled water—This 
will dissolve the sulphate of magnesia, and will leave the sul- 
phate of lime, which must be put on a filter, washed with a 
little more water. and dried in a low red heat. To estimate 
the quantity of lime, allow for that base 41 per cent. of the 
weight of the precipitate ascertained before it has become cold. 

The magnesia is next to be precipitated from its sulphate 
by the sub-carbonate of potassa, in a heat approaching 212°; 
and the precipitate, after being well washed, must be dried, 
and calcined for an hour. Its weight, after calcination, will 
give the quantity of magnesia contained in the stone. 

It had been recommended, when magnesia and lime are 
contained in the same solution, to precipitate the latter by the 
bi-carbonate of potassa; but it has been shown by Bucholz, 
that this process is defective,t a considerable proportion of 
the carbonate of lime remaining in solution, Dobereiner 
prefers adding the sub-carbonate of ammonia to the cold 
solution of the two earths. The carbonate of lime is thus 
thrown down, and carbonate of magnesia may afterwards be 
separated, by boiling the liquor; but it is found in practice 
that the first precipitate contains a little magnesia, and the 


e 


* The bottom of a broken Florence flask answers this purpose extremely 
well, and bears, without breaking, the heat necessary to expel the sulphuric 
acid. 

+ Ann. de Chim, et Phys. iii. 403. 


560 OF CHEMICAL ANALYSIS. | CHAP. XIV. 


second a little lime. To obviate this difficulty, both carbonates 
may be precipitated together by adding sub-carbonate of soda 
or of potassa to the heated solution; and from this precipitate, 
after being sufficiently washed, muriate of ammonia will take 
up the carbonate of magnesia, leaving that of lime separate. 
From the weights of the carbonates, it is easy to estimate those 
of the pure earths contained in them. 

Mr. Phillips recommends the following plan of separating 
lime and magnesia from each other. To the muriatic or nitric 
solution of the two earths, add sulphate of ammonia in sufficient 
quantity ; evaporate the mixture gradually to dryness; and 
then heat it to redness, till it ceases to lose weight by the 
volatilization of the muriate or nitrate of ammonia formed. 
Note the weight of the mixed salt, reduce it to powder, and | 
wash it with a cold saturated solution of sulphate of lime, till 
all the sulphate of magnesia appears to be dissolved; dry the 
‘sulphate of lime left; and by deducting its weight from that of 
the mixed sulphates, the quantity of sulphate of magnesia dis- 
solved will appear. (Quart. Journ. vi. 316.) This method, 
which it appears had been practised also by Mr. Cooper, has 
been shown by the latter to be susceptible of great precision. 
(Quart. Journ. vii. 392.)* 

Dr. Daubeny, in an elaborate memoir on the methods of 
separating lime from magnesia, (Edinburgh Philosophical 
Journal, vii. 108,) proposes the following modification of the 
process which has been just described. Dissolve a given por- 
tion of the earth under examination in nitric acid, thus sepa- 
rating the silica, and most of the peroxide of iron, from the 
lime, magnesia, alumina, protoxide of iron, &c. Evaporate 
the solution, and drive off the nitric acid by heat, thus con- 
verting the iron into a peroxide. Weigh the residuum after 
calcination, and treat it with distilled vinegar or diluted acetic 
acid, which will take up only the lime and magnesia. Sub- 
tract the weight of the undissolved portion from that of the 
residuum after calcination, thus ascertaining the joint weight 
of the dissolved lime and magnesia; then decompose the 
acetates by sulphate of ammonia; evaporate the solution nearly 


* Respecting the separation of these earths, the reader may also consult 
Ann. de Chim. et de Phys, ix. 177. xii. 255, and xvii, 849; also Ann. of 
Phil. xii, 394, xiil. 58. 
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to dryness, and separate the sulphate of magnesia from the 
sulphate of lime, by washing with water already saturated 
with sulphate of lime. Expose the sulphate’of lime to a red 
heat, and ascertain its weight, from which the amount of the 
lime originally present may be readily deduced. We may then 
infer the weight of the magnesia from the difference between 
the amount of the lime, and that of the whole which the vinegar 
was found to have dissolved; or, if we wish to verify the result, 
it may be done by precipitating the magnesia by an alkali, or 
still better by converting it into triple egeele: The quan- 
tity of sulphate of eee present in the water used for washing 
off the sulphate of magnesia, may be estimated and allowed ey 

Or we may content ourselves by dissolving the lime and 
magnesia in muriatic acid; decomposing the solution by sul- 
phate of ammonia; and after suffering the sulphate of lime to 
subside, decanting off the supernatant liquor, and throwing 
down the magnesia from the latter by carbonate of ammonia 
and phosphate of soda. The magnesia contained in the pre- 
cipitate may be estimated by the rule already given, page 533. 
~ It has been proposed by Mr. John Davies (Ann. of Phil. 
N.S. viii. 99,) to attain the same object by the aid of calcu- 
lation. By the name of atomic multipliers, he designates 
those numbers, whether whole or fractional, by which, if we 
multiply the weight of an atom of any base, we shall obtain 
that of the corresponding. salt. Now it appears, from the 
table of chemical equivalents, that when the number, denoting 
the weight of an atom of magnesia is multiplied by 3, and 
that of an atom of lime by 4’, we obtain the numbers repre- 
senting the relative weights of the sulphates of those earths. 

Suppose, then, that we have a quantity of lime and mag- 
nesia weighing together 96 grains, and that when converted 
into sulphates, ieee joint weight is 2651 grains, it is required 
to determine by calculation the quantity ate each earth. 


Assume x = the quantity of magnesia, 
Ark ty ser i= lime. 
Then «+ y = 96, 
And $a + Wy = 2651. 


Hence « = 56, the quantity of magnesia, and y = 40, tha 
VOL. Il. 20 : 
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of lime, A general formula for all similar cases has been given 
by Mr, Davies in the same essay. 

(G) If magnesia and alumina only be held in 1 sdlution by 
an acid (the “nlsaie of lime being indicated by the non- 
appearance of a precipitate, on adding oxalate of ammonia), 
the two earths may be separated by adding, to the cold solu- 
tion, the carbonate of ammonia. ‘This will separate the 
alumina, which may be collected, washed, and dried. To 
ascertain that a complete separation of the two earths has 
been accomplished, the process may be followed, which is 
recommended by Klaproth, in his Contributions, vol. i. 
page 418. ‘The magnesia, remaining in solution, may be pre- 
cipitated by sub-carbonate of potassa; heat being applied, to 
expel the excess of carbonic acid. 

Magnesia and alumina may, also, be separated by succinate 
of soda, which precipitates the latter earth only.* 

When the nitric solution of magnesia, of alumina, or of 
both, contains a small proportion of iron, this may be sepa- 
rated from either or both of the earths by evaporating to dry- 
hess, calcining the residue, during one hour, in‘ a low red 
heat, and dissolving again in dilute nitric acid, which does 
not take up iron when tise per-oxidized. 

(H) The insoluble residue (A) may contain alumina, inhi 
and oxides of metals, so far oxidized, as to resist the action of 
nitric and muriatic acids. | 

(ay Add concentrated sulphuric acid, with a small quantity 
of potassa, and evaporate the mixture to dryness, in the vessel 
described in the note, p. 559. On the dry mass pour a fresh 
portion of the acid; boil again to dryness, and let this be done, 
repeatedly, three or four times. By this operation, the alumina 
will be converted into alum, which will be easily soluble in 


-warm water; and from the solution, crystals of alum will 


shoot on evaporation.t The alumina may be precipitated from 
the sulphuric acid by carbonate of potassa; washed, dried, and 
ignited ; and its weight ascertained. 


* See xvii. of the chapter on Mineral: Waters. 

+ Klaproth procured crystals of alum from one-fourth of a grain of 
glumina. The quantity of alumina he estimates at one-tenth the weight of 
the crystallized alum which is obtained. 
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During the evaporation of a solution of alumina, which has 
been separated from silica, portions of the latter earth continue 
to fall, even to the last.* These must be collected, and 
washed with warm water; the collected earth added to the 
portion (6), and the washings to the solution (a). 

Alumina may be separated from oxide of iron by a solution 
of pure potassa. 

From whatever acid alumina is precipitated by. a fixed 
alkali, it is apt to retain a small portion of the precipitant. 
To ascertain the true quantity of this earth, it must, therefore, 
be re-dissolved in acetous acid, again precipitated by solution 
of pure ammonia, dried, and faiitott 

(b) The oxides (generally of iron only) may be separated 
from the silica in the followimg manner Let’ the insoluble 
part (a) be heated in a crucible with a little wax. This will 
render the oxides soluble in diluted eulphuric acid, and the 
silica will be left pure and white. Let it be washed, ignited, 
and its weight ascertained. 


2. Stones insoluble in diluted nitric and muriatic Acids, 


These stones must be reduced to powder, observing the cau- 
tions given in page 556. 

(1) Let 100 grains, or any other determinate quantity, be 
mixed with three times their weight of pure and dry potassa. 
Put the whole into a crucible bet pure silver, set in one of 
earthenware of a larger size, the interstice being filled with 
sand; and add a little water.+ ‘The crucible, covered’ with 
a lid, must then be gradually heated; and, as the materials 
swell and wold boil over, they are to be stirred constantly 
with a rod or spatula of silver. When the moisture is dissi- 
_pated, and the mass has become quite dry, raise the heat as far 
as can be done without melting the crucible, if of silver, and 
continue the heat during half an hour, or an hour. 


* See Klaproth, vol. i. pages 66 and 75. 

+ Klaproth effected the disintegration of corundum (which resisted eleven 
successive fusions with alkali) by adding to the powdered stone, in a cruci- 
ble, a solution of pure potassa, boiling to dryness, and pushing the mixture 
to fusion. The alkali must be perfectly caustic, and must have been puri- 
fied by alcohol. A platinum crucible is unfit for this purpose, as it is cor- 
roded by pure alkalis, 

Z02 
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The phenomena that occur during this operation, indicate, 
in some degree, the nature of the mineral under examination. 
If the mixture undergo a perfectly liquid fusion, we may pre- 
sume that the stone contains much siliceous earth; if it remain 
pasty and opaque, the other earths are to be suspected ; and, 
lastly, if it have the form of a dry powder, the bulk of which 
has considerably increased, it is a sign of the predominance 
of alumina. — 

If the fused mass have a dark or een or brownish colour, the 
presence of oxide of iron is announced; a bright green indi- 
cates manganese, especially if the colour be imparted to water ; 
and a yellowish green the oxide of chrome. 

(a) The disintegration of stones, consisting chiefly of 
alumina, is not easily effected, however, by means of potassa. 
Mr. Chenevix found (Philosophical Transactions, 1802) that 
minerals of this class are much more completely decomposed 
by fusion with calcined borax. One part of the mineral to be 
examined, reduced to a very fine powder, and mingled with 
21 or three times its weight of glass of borax, is to be exposed 
to a strong heat for two hours in a crucible of platinum, set 
in a larger earthen one, and surrounded by sand. ‘The cru- 
cible and its contents, which adhere very strongly to it, are 
then to be digested, for some hours, with muriatic acid, by 
which a perfect solution will be accomplished. ‘The whole 
of the earthy part is then to be precipitated by sub-carbonate 
of ammonia; and the precipitate, after being well washed, is 
to be re-dissolved in muriatic acid. By this means, the 
borax is separated. The analysis is afterwards to be conducted. 
nearly in the manner which will presently be described. 

(K) The crucible, being removed from the fire, is to be 
well cleaned on the hati and set, with its contents, in a 
porcelain or glass vessel, filled with hot water, which is to 
be stirred and renewed, occasionally, till the whole mass is 
detached. The water dissolves a considerable part of the 
compound of alumina and silica with potassa, and even the 
whole, if added in sufficient quantity. During cooling, a se- 
diment occasionally forms, in the filtered liquor, of a brown- 
ish colour, which is oxide of manganese. (See Klaproth, 
i, 345, b.) 

(L) To the solution (K), and the mass that has resisted 
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solution, in the same vessel, add muriatic acid. ‘The first por- 
tions of acid will throw down a flocculent sediment, which 
consists of the earths that were held dissolved by the alkali. 
Then an effervescence ensues; and a precipitate occurs, which 
is no sooner formed than it is dissolved. Lastly, the portion 
that resisted the action of water is taken up, silently if it 
contain alumina, and with effervescence if it be carbonate of 
lime. 

(M) From the phenomena attending the action of muriatic 
acid, some indications may be derived. Ifthe solution assume 
a purplish red colour, it is a sign of oxide of manganese; an 
orange red shows iron; and a gold yellow colour betokens 
chrome. Freedom from colour proves that the stone contains 
no metallic ingredients. | | 

(N) When the solution is complete, it is to be evaporated 
to dryness in a glass vessel; but, if any thing resist solution, 
it must be heated, as before (I), with potassa. When the 
liquor approaches to dryness, it assumes the form of a jelly, 
and must then be diligently stirred till quite dry. 

(O) (a) Let the dry mass be digested, at a gentle heat, with 
three or four pints, or even more, of distilled water, and filtered. 
(b) Wash what remains on the filter, repeatedly, till the wash- 
ings cease to precipitate the nitrate of silver, and add the 
washings to the filtered liquor. (c) Let the residue on the 
filter be dried and ignited in a crucible. Its weight shows the 
quantity of silica. If pure, it should be perfectly white; but if 
it has any colour, an admixture of some metallic oxide is 
indicated. From this it may be purified by digestion in 
muriatic acid, and may again be washed, ignited, and 
weighed. 

(P) The solution (O), which, owing to the addition of the 
washings, will have considerable bulk, is next to be evaporated, 
till less than a pint remains; carbonate of potassa must then be 
added, and the liquor must be heated during a few minutes. 
Let the precipitate, occasioned by the alkali, subside; decant 
the liquor from above it, and wash the sediment, repeatedly, 
with warm water. Let it then be put on a filter and dried. 

(Q) The dried powder may contain alumina, lime, mag- 
nesia, baryta, or strontia; besides metallic oxides, which may 
_be separated from éach other by the rules already given. 
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(R) It may be proper to examine the solution (P) after the 
addition of carbonate of potassa, in order to discover, whether 
any and what acid was contained in the stone. 

(a) For this purpose, let the ‘excess of alkali be neutralized 
by muriatic acid, and the liquor filtered. 

(b) Add, to a little of this liquor, a solution of esitigail 
baryta. Should a copious precipitate ensue, which is inso- 
luble in diluted muriatic acid, the presence of sulphuric acid is 
detected. And if much baryta, strontia, or lime, has been 
found in the precipitate (Q), we may infer the presence-of a 
sulphate of one of these three earths. 

(c) If on mixing the liquid (a) with the solution of muriated 
‘baryta, a precipitate should ensue which is soluble, without 
effervescence, in muriatic acid, the phosphoric acid may be 
known to be present; and, if lime be also found, the-phos- 
phate of lime is indicated. 

(d) To a portion of the liquor (a) add a solution of muriate 
of lime till the precipitate, if any, ceases. Collect this preci- 
pitate, wash it, dry it, and pour on it a little sulphuric acid. 
Should acid fumes arise, the fluorie acid may be suspected. 
To ascertain its presence decisively, distil a portion of the 
precipitate with half its weight of sulphuric acid. The fluoric 
‘acid will be known by its effects on the retort, — by its other 
properties. 

(S) The method of separating, from each other, the metal- 
lic oxides, usually found as the colouring ingr anit of stones, 
remains to be accomplished. 

(a) Let the precipitate, by ferro-cyanate of potassa (D), be 
exposed to a red heat, by which the prussic acid will be de- 
composed. ‘The oxides thus obtained, if insoluble in dilute 
nitric or muriatic acid, will be rendered soluble, by again 
calcining them with the addition of a little wax or oil. 

(6) Or the process may be varied by omitting the precipi- 
tation by ferro-cyanate of potassa, and proceeding as directed 
(E). The oxides will remain mixed with the magnesia and 
lime, and, atter the addition of sulphuric acid, will be held 
in solution by that acid, along with magg esia only. 

In both cases the same method of proceeding may be 
adopted ; ‘such variation only being necessary as is occasioned 
by the presence of magnesia in the latter. 
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- (c) To the solution (a or b), containing several metallic 
oxides dissolved by an acid, add a solution of bi-carbonate of 
potassa, as long as any precipitation ensues. This will sepa- 
rate the oxides of iron, chrome, and nickel; but the oxide of 
manganese and the magnesia, if any be present, will remain 
dissolved. i 

If a small quantity of oxide of manganese be suspected’ in 

an oxide of iron, it may be detected by mixing the oxide with 
nitre, and throwing the mixture into a red-hot crucible. Man- 
ganese will be indicated by an amethystine red tinge in the 
solution of this nitre. , 
. Toseparate the oxides of iron and manganese from each 
other, Gehlen recommends succinic acid, which is preferred, 
also, by Klaproth and Bucholz. Berzelius employs for this 
purpose the compounds of benzoic acid. Dr, John advises 
the addition of oxalate of potassa to the solution of the two 
oxides, first rendered as neutral as possible ; but Bucholz finds 
that this process is imperfect, and that the oxalates precipitate 
manganese as well as iron. 

Mr. Hatchett has suggested a better method of separating 
iron from manganese. ‘The solution of the ore, made by sul- 
phuric acid, and filtrated, must be diluted with three or four 
pints of cold distilled water. To this liquid, pure ammonia 
must be gradually added, till it slightly restores the blue co- 
lour of reddened litmus paper. The oxide of iron will thus 
be separated, and will remain on the filter upon which the 
liquor is thrown; and the oxide of manganese will pass 
through it, in a state of solution. ‘The oxide of manganese 
may be obtained by evaporation to dryness, and by cal- 
cining in a heat sufficient to expel the muriate of ammonia.* 
The advantage of this method is, that the triple sulphate of 
ammonia and manganese, being very soluble in water, is not 
affected by an excess of alkali, so that no nicety is required in 
the addition of the ammonia. At the same time, Mr. Faraday 
observes, it is necessary that there be sulphuric acid enough 
present to form, with the ammonia and the manganese, the 
soluble triple salt. If to a solution containing much manga- 
nese and little iron, excess of ammonia be added, manganese 


* Thomson’s Annals, v, $43. 
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will be thrown down as well as iron, because the sulphuric 
acid present is not sufficient to combine with the manganese 
and the ammonia, in the proportions required to convert the 
whole of the manganese into a triple salt. In such a case, 
sulphuric acid Suet to be added to the solution before the 
ammonia. Wien the proportion of iron is greater, of course 
there is more sulphuric acid present to. combine with the 
ammonia, and less additional acid is required. (Quarterly 
Journal, vi. 154.) 

Some other methods of separating iron and manganese, in 
addition to that of Mr. Hatchett, have been described by Mr. 
Faraday in the same volume of the Quarterly Journal, p. 357. 
One of the most easy and simple seems to be, to throw down 
the oxides (the iron being peroxidized), together from their 
solution; to wash them by decantation; and to digest them 
in muriate of ammonia with a little sugar. The manganese, 
both protoxide and peroxide, will be dissolved, and the oxide 
of iron will remain. 

Of these methods of separating iron and manganese, it is 
probable that Mr. Herschell was not aware, when (in a paper 
published in the Annals of Philosophy, N. 8. iii. 95), he con- 
demned as ineffectual all methods antecedent to the following, 
which he has himself proposed. ‘The solution containing iron 
is to be brought to the maximum of oxidation, capable of 
being communicated by boiling with nitric acid. It is then 
to be just neutralized, while in a state of ebullition, by carbo- 
nate of ammonia. ‘he whole of the iron to the last atom is 
precipitated, and the whole of the other metals present (sup- 
posed to be manganese, cerium, nickel, and cobalt), remains 
in solution. ‘To insure success, it is necessary-that no oxide 
of manganese or cerium, above the first degree of oxidation, 
should be present; otherwise it will fall down along with the 
iron. In performing the process, the metallic solution should 
not be too concentrated, and must be agitated the whole time, 
especially towards the end; and when the tests of alkalis are 
feebly affected, the ammoniacal carbonate must be added 
slowly and in a diluted state. The precipitation turns on a 
peculiarity in the peroxide of iron, by virtue of which it is 
incapable of existing in a neutral solution at a boiling tempe- 
rature, It may be made, Mr. Herschell ‘finds, the principle 
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of a method of detecting the minutest quantity of other metals 
in union with iron, for example, of nickel, titanium, and man- 
ganese, but not of uranium. 

(7) Magnesia and oxide of manganese may be separated by 
adding to their solution (c) the hydro-sulphuret of potassa,* 
which will throw down the manganese, but not the magnesia. 
The precipitated manganese must be calcined with the access 
of air and weighed. ‘The magnesia may afterward be sepa- 
rated by solution of pure potassa, or of the subcarbonate, at a 
boiling heat, and, when precipitated, must be washed, dried, 
and calcined. 

(e) The oxide of chrome may be separated from those of 
iron and nickel, by repeatedly boiling the three to dryness, 
with nitric acid. This will acidify the chrome, and will ren- 
der it soluble in pure potassa, which does not take up the 
other oxides. From this combination with potassa the chromic 
oxide may be detached by adding muriatic acid and evapo- 
rating the liquor till it assumes a green colour. Then, on 
adding a solution of pure potassa, the oxide of chrome will 
fall down, because the quantity of oxygen, required for its 
acidification, has been detached by the muriatic acid. 

(f) The oxides of iron and nickel are next to be dissolved 
in muriatic acid; and the solution evaporated to dryness. 
Liquid ammonia is then to be added, which acts on the oxide 
of nickel only. The solution may be again evaporated to dry- 

ness, which will render the oxide of iron more dense, and_ 
- more easily separable from the soluble portion. A fresh addi- 
tion of ammonia will now readily dissolve the nickel, leaving 
the oxide of iron, which must be collected on a filter, dried, 
and weighed. If highly oxidized, it must, before weighing, 
be calcined with wax, in a crucible.t: The oxide of nickel 
remains dissolved by the excess of ammonia, to which it 
imparts a blue colour. It may be separated by evaporating 
the solution to dryness and dissolving the salt. { 


* See vol. i. page 548. 

+ Dr. Marcet alleges that after this operation, the iron still remains in 
the state of peroxide. Geolog. Transact. i. 

¢ For an example of the separation of nickel from iron, see Klaproth’s 
Contributions, vol. i. page 422; where, also, and page 428, is an instance 
of the testing of nickel for copper. 
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(g) Oxide of nickel may be separated from oxide of copper, 
when contained in the same solution, by immersing in the 
solution a bar of zinc, which will precipitate the latter metal 
only. 

(h) From the ammoniacal solution of nickel and cobalt, Mr. 
Phillips finds that the former metal is immediately precipitated 
by potassa or soda, which very slowly and sparingly throw 
down cobalt from the same solvent. Laugier has proposed a 
method of separating nickel from cobalt, founded on the solu- 
bility of the triple oxalate of ammonia and cobalt in water, 
The mixed oxalates of nickel and cobalt, precipitated by an 
alkaline oxalate, are to be placed in diluted ammonia, which 
dissolves both. The solution being exposed to the air, in 
order that the excess of ammonia may escape, the salt of 
nickel precipitates, while that of cobalt remains in solution. 

The analysis of the stone is now completed, and its accu- 
racy may be judged by the correspondence. of the weight of 
the component parts with that of the stone originally sub- 
mitted to experiment. | 

It may be proper to observe, that certain stones, which 
are not soluble in diluted nitric and muriatic acids, may be 
decomposed by an easier process than that described (A). 
Among these are the compounds of baryta, strontia, and lime, 
with acids, chiefly with the sulphuric, fluoric, and phosphoric. 
The sulphates of baryta, strontia, and lime; the fluate of 
lime; and the phosphate of lime; are all found native in the 
earth, and, except the last, are all insoluble in the above- 
mentioned acids. ‘They may be known generally by their 
external characters. ‘The compounds of baryta and strontia 
have a specific gravity greater than that of other earths, but 
inferior to that of metallic ores. They have, frequently, a 
regular or crystallized form, are more or less transparent, have 
some lustre, and their hardness is such as does not prevent 
their yielding to the knife. ‘The combinations of lime, with 
the above-mentioned acids, are distinguished by similar 
characters, except that they are much less heavy. To the 
mineralogist, the outward form and characters of these stones 
are sufficient indications of their composition. 

Instead of the fusion with alkali, an easier process may. be 
recommended. Let the mineral under examination be reduced 
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to powder, and be digested, in nearly a,boiling heat, during 
‘one or two hours, with three or four times its weight of car~ 
bonate of potassa, and a sufficient quantity of distilled water. 
The acid, united with the earth, will quit it and pass to the 
potassa, while the carbonic acid will leave the alkali and com- 
bine with the earth. We shall obtain, therefore, a compound 
of the acid of the stone with potassa, which will remain in 
solution, while the carbonated earths will form an insoluble 
precipitate; but, as already stated (vol. i. p. 606), the decom- 
position is scarcely ever complete. It is necessary, therefore, 
to decant the alkaline liquor; to edulcorate the precipitate 
with water; then to dissolve the earthy carbonates by diluted 
muriatic or nitric acids; and to treat the portion which resists 
solution with a fresh quantity of sub-carbonate of potassa. 
In this way we may proceed, till boiling with mild alkalis 
produces no more earthy carbonate. The alkaline solution 
miay be assayed to discover the nature of the acid, according 
to the formula (1); and the earths, dissolved by the acid which 
has been applied to them, may be separated from each other 
by the processes (B), &c. 

(T) In the foregoing rules for analysis I have omitted the 
mode of detecting and separating glucina, because this earth 
is of very rare occurrence. When alumina and glucina are 
‘present in a mineral, they may be separated from the preci- 
pitate (E a) by pure potassa, which dissolves both these earths. 
A sufficient quantity of acid is then to be added to saturate 
the alkali; and carbonate of ammonia is to be poured in, till 
a considerable excess of this carbonate is manifested by the 
smell. The alumina is thus separated, but the elucina, being 
soluble in the carbonate of ammonia, remains dissolved, and 
may be precipitated by boiling the solution. 

(U) Zirconia may be separated from alumina, by boiling 
the mixed earths with pure soda, which acts only on the latter.* 
From an acid solution containing both earths, the alumina is 
thrown down by saturated carbonate of potassa, which, when- 
added in excess, re-dissolves the zirconia. Glucina and zir- 
conia, or glucina and yttria, may be separated, when mixed 
together in solution, by ferro-cyanate of potassa, which has no 
action on glucina, but precipitates the two other earths. . 


* Klaproth, vol. 11. page 213, 
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(V) To separate yttria from alumina, precipitate both earths 
from a solution containing them, by pure ammonia; boil the 
precipitate in a solution of pure soda, which chiefly takes up 
alumina; neutralize the solution with sulphuric acid, and add 
carbonate of soda to the solution, brought to the boiling 
temperature. A precipitate will ensue, consisting of alumina, 
with some yttria, To separate the latter earth, dissolve in 
muriatic acid, and add an excess of carbonate of ammonia, 
which takes up only the yttria. ‘Io ensure, still farther, the 
purity of the alumina, dissolve the residue in an excess of 
sulphuric acid, add a small portion of sulphate of potassa, 
and crystallize the solution. The crystals of alum, that are 
produced, contain one-tenth of alumina. 

(W) The presence of potassa (which has lately been disco- 
vered in some stones) may be detected by boiling the pow- 
dered mineral, repeatedly to dryness, with strong sulphuric 
acid. Wash the dry mass with water, add a littlevexcess of 
acid, and evaporate the solution to a smaller bulk. If crystals 
of alum should appear, it is an indication of potassa, because 
alum can never be obtained in a crystallized form, without the 
addition of an alkali. 

’ But since a mineral may- contain potassa, and little or no 
alumina, in which case no crystals of alum will appear, it may 
be necessary, in the latter case, to add a little alumina along 
with the sulphuric acid. Or the stone may be so hard as to 
resist the action of sulphuric acid; and it will then be neces- 
sary to fuse it [in the manner directed (1)] with soda, which 
has also a solvent power over alumina and silica. The fused 
mass is to be dissolved in water, and supersaturated with sul- 
-phuric acid. Evaporate to dryness, re-dissolve in water; and 
filter, to separate the silica. LEvaporate the solution, which 
will first afford crystals of sulphate of soda, and afterwards 
of sulphate of potassa, should the latter alkali be contained in 
the mineral. | 

Klaproth first discovered potassa in leucite, on summing up 
the results of its analysis, which gave a considerable loss of 
weight. By boiling the stone with diluted muriatic acid, and 
evaporation, he obtained crystals of muriate of potassa. An- 
other proof of the presence of potassa was, that, when sul- 
phuric acid was boiled with it, the solution gaye crystals 
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of alum, to which potassa is essential. He also boiled the 
stone with muriatic acid, and, after dissolving the muriate of 
alumina by alcohol, muriate of potassa remained. The vol- 
canic leucite contained less potassa than other kinds. The 
same alkali he also detected, afterwards, in lepidolite. 

The potassa, contained in sulphate of alumina, may be 
separated from that earth, by adding a solution of pure baryta 
as long as any precipitation is produced. ‘The alumina and 
sulphate of baryta will fall down together, and the potassa will 
remain insolution. . Its presence may be known by the tests, 
enumerated at page 539. 

In certain minerals that gelatinate, when pulverized and 
exposed to the action of muriatic acid, Dr. Wollaston has 
pointed out an easy method of detecting alkalis. Expose the 
gelatinous mass in a watch glass to a temperature not exceed- 
ing that of boiling water, until perfectly dry. In this state, if 
potassa & soda be present, small cubic crystals are generally 
discoverable with the assistance of a lens. In this way, Dr. 
Clarke was enabled to discover potassa in Gehlenite. (Ann. of 
Phil. xiv. 450.) 

X. Soda may be detected in a mineral by the following 
experiments :—Let the powdered stone be treated with sul- 
phuric acid, as in (U); wash off the solution, and add pure 
ammonia, till the precipitation ceases; then filter, evaporate 
the solution to dryness, and raise the heat so as to expel the 
sulphate of ammonia. ‘The sulphate of soda will Sebi ser 
may be known by its appropriate characters. 

Soda was first found by Klaproth, in chrysolite, in the large 
proportion of 36 per cent. This analysis was confirmed by 
Vauquelin, whose mode of separating soda is the one which I 
now recommend. Both the fixed alkalis have since been 
frequently discovered in native minerals; viz. soda in basalt 
(Klaproth, ii. 195); in pitch-stone (207); and in kling-stone, 
amounting to 8 per cent. (182). The same skilful analyst has 
found potassa in Hungarian pearl-stone (263); and, accom- 
panied by soda, in pumice (20). 

A method has been proposed by Sir H. Davy,* for ana- 
lyzing stones, containing either of the fixed alkalis, by means 


* Philosophical Transactions, 1805; or Nicholson's Journal, xiii. 86. 
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of the boracic acid. The process is sufficiently simple. One 
hundred grains of the stone to’ be examined must be fused, 
during half an hour, at a strong red heat, with 200 grains of 
boracic acid. An ounce and a half of nitric acid, diluted 
with seven or eight parts of water, must be digested on the 
mass, till the whole has been decomposed. ‘The fluid must be 
evaporated, till its quantity is reduced to an ounce and half, 
or two ounces. | 

If the stone contain silica, this earth will be separated by 
the processes of solution and evaporation. It must be:collected 
on a filter, ‘and washed well with water, till the boracic acid, 
and all the saline matter, are separated. The fluid, and ail 
that has passed through the filter, must be evaporated to about 
half a pint; then saturated with carbonate of ammonia; and 
boiled with an excess of that salt, till all the materials that it - 
contains, capable of being precipitated, have fallen to the 
bottom of the vessel. The solution must then *e passed 
through a filter, which retains the earths and metallic oxides. 
It must then be mixed with nitric acid, till it tastes strongly 

sour, and evaporated till the boracic acid appears free. The 
fluid must next be evaporated to dryness; when by exposure 
to a heat of 450° Fahrenheit, the nitrate of ammonia will be 
decomposed, and the nitrate of potassa or soda will remain in 
the vessel. 

The remaining earths and metallic oxides are separated from 
each other by common processes; v2z. alumina by solution of 
potassa ; lime by sulphuric acid; oxide of iron by succinate of 
ammonia; oxide of manganese by hydro-sulphuret of potassa; 
and magnesia by pure eda) 

Ber sd has found that nitrate of lead may be advantageously 
employed in the analysis of stones that contain silicated alkali. 
One part of the stone very finely powdered is to be intimately 
mixed with two parts of finely powdered nitrate, and one of 
carbonate, of lead. The whole is to be put into a platina 
crucible, which is to be placed in another crucible and covered 
with a lid. A red heat is to be applied for a quarter of an 
hour. The fusion takes place without effervescence, and a 
yellowish or brownish mass is found in fusion on removing the 
cover. ‘This is to be poured into water, the coldness of 
which causes it to split into small fragments that are ‘easily 
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attacked by acids, of which nitric acid is the one best adapted 
to the purpose. With this acid, it is to be boiled, and occa- 
-sionally stirred and broken down. The silex remains in a 
viscid state. The oxide of lead is precipitated by sulphuric 
acid, added till water saturated with sulphureted hydrogen 
causes no change. The liquid is boiled’ with carbonate of 
ammonia, and the precipitate thus formed analyzed by com~ 
mon methods. Lastly, the liquid is evaporated to dryness; 
the salts calcined in a platinum crucible; and the residuum 
collected and weighed. This residue contains the alkali ori- 
ginally present in the mineral in the state of a sulphate, and 
almost always sulphate of magnesia. It may be analyzed by 
processes that have been already described, or by others con- 
trived by Berthier, and detailed in his paper. (Ann. de Chim. 
et de Phys. xvil. 28; or Quarterly Journal, xii. 169.) 


Table of. Substances which may be expected in Earths and 
Stones, and References to the Means of separating them from 
each, other. 


Acid, fluoric, R. d. 
phosphoric, R. c. 
sulphuric, R. 6. 
Alumina from lime and magnesia, E. 
its quantity, KE. ¢. 
from magnesia, G. 
silica, H. a. 
metallic oxides, H. a. 
glucina, T. | 
Baryta and strontia from other earths, B. 
from strontia, C. 
Chromium from manganese, &c. 8. ¢. 
iron and nickel,: 8. e. 
Earths from oxides, D. 
Glucina from alumina, T. 
Jron from manganese, S. e. 
nickel, 8. f¢ 
Lune from magnesia, F. 
from alumina, E. b. | 
its quantity, I’. 
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Magnesia from lime, F. 
alumina, G. 
manganese, 8. d. 
its quantity, I. 
Manganese, indications of, M. 
from iron, chrome, and nickel, S. c. 
magnesia, S. d. 
Nickel from manganese, S. e. 
iron, S._/f. from copper, S. g. from cobalt, 8. 2. 
Oxides, metallic, from earths, D. 
Potassa from earths and oxides, W. 
Silica from alumina, H. a. 
earths in general, O. c. 
oxides, H. l. 
Soda from earths and oxides, X. 
Strontia, see Baryta. 
Ytiria from alumina, &c. V. 
Zirconia from alumina, &c. U. 


Art. 4.—Analysis of Inflammable Fossils. 


The exact analysis of inflammable fossils is seldom neces- 
sary in directing the most beneficial application of them. It 
may be proper, however, to offer a’ few general rules. for 
judging of their purity. 


L—Sulphur. 


Sulphur should be entirely volatilized by distillation i in a 
glass retort. If any thing remain fixed, it must be consi- 
dered as an impurity, and may be examined by the preceding 
rules. 

Sulphur, also, should be totally dissolved by boiling with 
solution of pure potassa, and may be separated from its impu- 
rities by this alkali, - 

Impure sulphur, consumed by burning’in a cteati crucible, 
leaves a residue of oxide of iron and phieds 


II.—Coals. 


1. The proportion of bituminous matter in coal may be 
jearnt by distillation, in an earthen retort, and collecting their 
products. 
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2. The proportion of earthy or metallic ingredients may 
be found, by burning the coal with access of air, on a red-hot 
iron. What remains unconsumed must be considered as an 
impurity, and may be analyzed by the foregoing rules. 

3. ‘The proportion of carbon may be as¢ertained by observ- 
ing the quantity of nitrate of potassa, which a given weight 
of the coal is capable of decomposing. For this purpose, let 
500 grains, or more, of perfectly pure nitre be melted in a 
crucible, and, when red-hot, let the coal to be examined, 
reduced to a coarse powder, be projected on the nitre, by 
small portions at once, not exceeding one or two grains. 
Immediately, when the flame, occasioned by one projection, 
has ceased, let another be made, and so on till the effect 
ceases. ‘The proportion of carbon in the coal is directly pro- 
portionate to the quantity required to alkalize the nitre. Thus, 
since 12.709 of carbon are required to alkalize 100 of nitre, it 
will be easy to deduce the quantity of carbon, in a given 
weight of coal, from the quantity of nitre which it is capable 
of decomposing. ‘This method, however, is liable to several 
objections, which its inventor, Mr. Kirwan, seems. fully 
aware of.* 

4. The most accurate mode of analyzing the different 
varieties of coal is by peroxide of copper, in the manner 
described page 180; examples of this kind of analysis may be 
consulted in Dr. Thomson’s Memuoir in the 16th volume of 
Annals of Philosophy. 

Plumbago, or black-lead, is another inflammable substance, 
which it may sometimes be highly useful to be able to identify, 
and to judge of its purity When projected on red-hot nitre, 
it should detonate; and, on dissolving the decomposed nitre, 
an oxide of iron should remain, amounting to one-tenth the 
weight of the plumbago. Any mineral, therefore, that 
answers to these characters, and leaves a shining trace on 


paper, like that of the black-lead pencils, is plumbago. 
Arr. 5.—Analysis of Metallic Ores. 


The class of metals comprehends so great a number of 


* See his Elements of Mineralogy, vol.ii. p. 514. 
VOL. Il. 2 P 
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individuals, that it is almost impossible to offer a comprehen- 
sive formula for the analysis of ores. Ores of the same metal, 
also, as the mineralizing ingredients vary; require very dif- 
ferent treatment. Yet some general directions are absolutely — 
“necessary, to enable the chemist to judge of the epORSiHOR 
of bodies of this class. 

The ores of metals may be analyzed in two modes;—in the 
humid and the dry way. The first is effected with the aid of 
acids and of other liquidjagents, and may often be accomplished 
by persons who are prevented by the want of furnaces, and 
other necessary apparatus, from attempting the second. If 
sulphur, however, be present in an ore, which may be gene- 
rally known by its external characters, as described by mine- 
ralogical writers, it impedes the action of acids: it should, 
therefore; be separated, either by roasting the ore on a mirfile; 
or by projecting it, mixed with twice or thrice its weight of 
nitre, into a red-hot crucible, washing off the alkali afterwards 
by hot water. 

It is hardly possible to employ a solvent, capable si tnllitig 

up all the metals. Thus, the nitric acid does not act on gold 

or platinum; and the nitro-muriatic, which dissolves these 
metals, has no solvent action on silver. It will be necessary, 
therefore, to vary the solvent according to the nature of the 
ore under examination. 

1. For ores of gold and platinum, the nitro-muriatic acid is 
the most proper solvent. A given weight of the ore may be 
digested with this acid, as long as it extracts any thing. ‘The 
solution may be evaporated to dryness, in order to expel the 
excess of acid, and «dissolved in water. ‘The addition of a 
solution of muriate of tin will show the presence of gold by a 
purple precipitate; and platinum will be indicated by. a pres 
cipitate, on adding a solution of muriate of ammonia. When 
gold and platinum are both contained in the same solution, 
they may be separated from each other by the last-mentioned 
solution, which throws down the platinum, but not the gold. 
In this way platinum may be detached, also, from other metals. 

When gold is contained in a solution, along with several 
other metals, it may be separated from most of them by adding 
a dilute solution of sulphate of iron, The only metals, which 
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this salt precipitates, are gold, palladium, silver, and mer- 
cury.* | 

2. For extracting silver from its ores, the nitric acid't is the 
most proper solvent. Nitric acid, however, does not act on 
horn-silver ore, containing chloride of silver, which must be 
decomposed by carbonate of soda. Carbonate of silver is thus 
formed, which readily dissolves in nitric acid. The silver may 
be precipitated from nitric acid by solution of common salt. 
Every 100 parts of the precipitate, washed, dried, and ignited, 
contain 75.5 of silver. But, as lead may be present in the 
solution, and this metal is also precipitated by common salt, 
it may be proper to immerse in the solution (which should 
not have any excess of acid) a polished plate of copper. This 
will precipitate the silver, if present, in a metallic form. The 
chloride of silver is also soluble in liquid ammonia, which that 
of leadis not. For examples of the analy sis of silver ores, the 
reader may consult Klaproth, vol. i. page 554, &c., and 
Bonader (in the Ann. of Phil. N.S. viii. 29. 

8. Copper ores may be analyzed by boiling them with five 
times their weight of concentrated sulphuric acid, mixed with 
one part of nitric acid, till a dry mass is obtained, from which 
water will extract the sulphate of copper. This salt is to be 
decomposed by a polished plate of ‘iron, immersed in a dilute 
solution of it. The copper will be precipitated in a metallic 
state, and may be scraped off and weighed. 

If silver be suspected along with copper, nitric acid only 
must be employed as the solvent; and a plate of polished 
copper will detect the silver. 

The reader, who engages in the analysis of copper ores, 
will derive much advantage from the examples to be found in 
Klaproth’s Essays, vol. i. pages 54, 541, &c.; and also from » 
Mr. Chenevix’s paper on the analysis of arseniates of copper 
and iron, Philosophical Transactions, 1801, or Nicholson’s 
Journal, 8vo. vol. i.; from Vauquelin’s remarks in Thomson’s 
Annals, iv. 1573; and from Mr. R. Phillips’s Essays in the 
Quarterly Journal, iv. 274, and vii. 100, and in the Annals 
of Philosophy, N. S. iii. 81, 296. | 


* Consult Dr. Bright’s account of the processes followed at the gold and 
silver mines in Hungary, in his Travels thrgugh Hungary, &c, ; or in the 
Philosophical Magazine, li. 8. 
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4, Iron ores may be dissolved in diluted muriatic acid, or, if 
the metal be too highly oxidized to be dissolved by this acid, 
they must be previously mixed with one-eighth of their weight 
of powdered charcoal, and calcined in a crucible for one hour. 
The iron is thus rendered soluble. 

The solution must then be diluted with 10 or 12 times its 
quantity of water, previously well boiled, to expel the air, and 
must be preserved in a well-stopped glass bottle for six or 
eight days. The phosphate of iron will, within that time, be 
precipitated, if any be present, and the liquor must be de- 
canted off. : 

The solution may contain the oxides of iron, manganese, 
and zinc. It may be precipitated by carbonate of soda, which 
will separate them all. The oxide of zinc will be taken up by 
a solution of pure ammonia; distilled vinegar will take up the 
manganese, and will leave the oxide of iron: or the two last 
oxides may be separated as directed page 567. From the 
weight of the oxide of iron, after ignition during a quarter of 
an hour, 28 per cent. may be deducted. ‘The remainder shows 
the quantity of metallic iron. 

For an example of the analysis of an argillaceous iron ore 
vid humidd, the reader may consult the Ann. of Phil. N.S. 
Vu. 448, and viii. 72. 

5. Tin ores. To that accomplished analyst, Klaproth, we 
owe the discovery of a simple and effectual mode of analyzing 
tin ores in the humid way. | . 

Boil 100 grains, in a silver vessel, with a solution of 600 
grains of pure potassa. Evaporate to dryness, and then ignite, 
moderately, for half an hour. Add boiling water, and, if any 
portion remain undissolved, let it undergo a similar treatment. 

Saturate the alkaline solution with muriatic acid, which will 
throw down an oxide of tin. Let this be re-dissolved by an 
excess of muriatic acid; again precipitated by carbonate of 
soda; and, being dried and weighed, let it, after lixiviation, 
be once more dissolved in muriatic acid. ‘The insoluble part 
consists of silica. Into the colourless solution, diluted with 
two or three parts of water, put a stick of zinc, round which 
the reduced tin will collect. Scrape off the deposit, wash, 
dry, and fuse it under a cover of tallow in a capsule placed on 
charcoal. A button of pure metallic tin will remain at the 
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bottom, the weight of which, deducted from that of the ore, 
indicates the proportion of oxygen. 

The presence of tin in an ore is indicated by a alt vi pre- 
cipitate, on mixing its solution in muriatic acid with one of 
gold in nitro-muriatic acid. ' 

6. Lead ores may be analyzed by solution in nitric acid, 
diluted with an equal weight of water. The sulphur, if any, 
will remain undissolved. Let the solution be precipitated by 
carbonate of soda. If any silver be present, it will be taken 
up by pure liquid ammonia. Wash off the excess of ammonia 
by distilled water; and add concentrated sulphuric acid, apply- 
ing heat, so that the muriatic acid may be wholly expelled. 
Weigh the calcined sulphate of lead, and for every 100 parts, 
68 may be considered as lead. 

Chloride of lead may be separated from chloride of silver 
by its greater solubility in warm water. From the solution, 
iron may be separated by prussiate of potassa, and the solution 
decomposed by sulphuric acid. (See Vauquelin’s Analysis of 
Galena, Journ. des Mines, No. 68; Klaproth’s Analyses of 
Sulphate and Phosphate of Lead; Chenevix’s Analysis of 
Native Muriate of Lead, Nicholson’s Journal, 4to. vol. iv; 
Hatchett on Bournonite (an ore of lead, antimony, and 
~ copper), Phil. Trans. 1804; and Smithson on ditto, Phil. 
Trans. 1808, and Annals of Phil. xiv. 96.) 

7. Mercury may be detected in ores that are supposed to 
contain it, by distillation in an earthen retort with half their 
weight of iron filings or dry lime. The mercury, if any be 
present, will rise and be condensed in the receiver. See 
Klaproth’s Analytical Kssays. 

8. Ores of xine may be digested with nitric atid, and the 
part that is dissolved boiled to dryness, again dissolved in the 
acid, and again evaporated.. By this means the iron, if any 
be present, will be rendered insoluble in dilute nitric acid, 
which will take up the oxide of zinc. To this solution add 
pure liquid ammonia, in excess, which will separate the lead 
and iron, if any should have been dissolved, and the excess of 
alkali will retain the oxide of zinc. This may be precipitated 
-by the addition of an acid, or by the evaporation of the solvent. 
-Silica, also, is an abundant ingredient of some zinc ores. For 
examples of analyses of ores of zinc, see Smithson’s Analyses 
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of Calamine, Phil. Trans. 1803; Dr. Thomson’s Analysis of 
Blende, Ann. of Phil. iv. 94; Berthier, in Silliman’s Ameri- 
can Journal, ii. 319; and Cooper in Quarterly Journal, 
ix. 191. ee | | 

9. Antimonial ores. Dissolve a given weight in three or 
four parts of muriatic and one of nitric acid. ‘This will take 
up the antimony, and leave the sulphur, if any. On dilution 
with water, the oxide of antimony is precipitated, and the iron 
and mercury remain dissolved. Lead may be detected by sul- 
phuric acid. (See Klaproth on the Analysis of Antimoniated 
Silver Ore, vol. i. p. 560, and share on Bournonite, Phil. 
Trans, 1804.) 

10. Ores of arsenic may be digested with nitro-muriatic acid, 
composed of one part nitric, and one and a half or two of 
wuriatic acid. HEvaporate the solution to one-fourth, and add 
water, which will precipitate the arsenic. The iron may after- 
wards be separated by ammonia. (See ainsi Philosophical 
Transactions, 1801, page 215. ) 

11. Ores of bismuth are also assayed by digestion in nitric 
acid moderately diluted. ‘The addition of water precipitates 
the oxide, but, if not wholly separated at first, evaporate the 
solution; after which, a farther addition of water will preci- 
pitate the remainder. (See Analysis of an Ore of Bismuth 
and Silver, in Klaproth, vol. i. page 554; Mode of detecting 
a small Quantity of Silver in Bismuth, Do. page 220. c. 

12. Ores of cobalt may be dissolved in nitro-muriatic acid. 
Then add carbonate of potassa, which at first separates iron 
‘and arsenic. Filter, and add a farther quantity of the car- 
bonate, when a greyish red precipitate will fall down, which is 
oxide of cobalt. The iron and arsenic may be separated by 
heat, which volatilizes the arsenic. Cobalt is also ascertained, 
if the solution of an ore in muriatic acid give a sympathetic 
ink. (See chap. ix. sect. 27.—An example of the analysis of 
an ore of cobalt may be seen in Klaproth, vol. i. page 554 ; 
and of sulphate of cobalt, Do. page 579.) 

18. Ores of nickel. Dissolve them in nitric acid, and al 
to the solution pure ammonia, in such proportion that the 
alkali, may be considerably in excess. This will precipitate 
most other metals, and will retain the oxide of nickel in solu- 
tion, which may be obtained by evaporation to dryness, and 
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heating the dry mass till the nitrate of ammonia has sublimed. 
(See Berzelius on the Methods of analyzing Ores of Nickel, 
Ann. of Phil. N.S. iii. 206.) | 

14. Ores of manganese. ‘The earths, and several of the 
metals, contained in these ores, may fitst be separated by 
diluted. nitric acid, which does not act on highly oxidized 
manganese. ‘Lhe ore may afterward be digested with strong 
muriatic acid, which will take up the xi of manganese. 
Chlorine gas will arise, if a gentle heat be applied, and may 
be known by its peculiar smell, and by its discharging the 
colour of wet litmus paper exposed to the fumes. From mu- 
riatic acid the manganese is precipitated by carbonate of soda, 
iu the form of a white carbonate, which becomes black per- 
oxide when heated in a crucible. Ores, suspected to contain 
manganese, may also be distilled per se, or with sulphuric acid, 
when oxygen gas will be obtained. Oxide of manganese may 
be separated from oxide of iron by solution of pure potassa, 
which takes up the former but not the latter. (See the analysis 
of an ore of manganese, vid humidd, in Klaproth, vol. i. p. 510; 
and of a cobaltic ore of manganese, page 569. 

Ores of manganese may also be distinguished by the colour 
they impart to bor ax, when exposed Lpethed to the blowpipe.* 

15. Ores of uranium. ‘These may be dissolved in dilute 
nitric acid, which takes up the uranitic oxide, and leaves that 
of iron; or in dilute sulphuric acid, which makes the same 
election; or, if any iron has got into the solution, it may be. 
precipitated by zinc. ‘Then add caustic potassa, which throws 
down the oxide of zinc and uranium.’ The former’ may be 
separated by digestion in pure ammonia, which leaves undis- 
solved, the oxide of uranium. This, when dissolved by dilute 
sulphuric acid, affords on evaporation, crystals of a lemon 
yellow colour. 

If copper be present, it will be dissolved, along with the 
zinc, by the ammonia. If lead, it will form, with sulphuric 
acid, a salt much less soluble than the sulphate of uranium, 
and which, on evaporation, will therefore separate first. (See 
Gregor in Annals of Philos. v. 281; Herschell, same work, 

N.S. iii. 99; and Phillips, Do. v. 57.) 


* See chap, ix, sect. 14; .and also Thomson’s Annals, iii, 312. 
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16. Ores of tungsten. For these the most proper treatment 
seems to. be digestion in nitro-muriatic acid, which takes up 
the earths and other metals. The tungsten remains in the form 
of a yellow oxide, distinguishable, by its becoming white on 
the addition of liquid ammonia, from the oxide of uranium. 
To reduce this oxide to tungsten, mix it with an equal weight 
of dried blood, heat the mixture to redness, press it into 
another crucible, which should be nearly full, and apply a 
violent heat for an hour at least. (See Klaproth’s Analytical 
Essays; D’Elhuyar Mem. de l’Acad. de Toulouse, ii.; and 
Vauquelin, Journ. des Mines, No, XIX.) 

17. Ores of molybdenum. Repeated distillation to dryness, 
with nitric acid, converts the oxide into an acid, which is 
insoluble in nitric acid, and may thus be separated from other 
metals, except iron, from which it may be dissolved by sul- 
phuric or muriatic acids. ‘The solution in sulphuric acid is 
blue, when cold, but colourless, when heated. That in mu- 
rlatic acid is blue only, when the acid is heated and con- 
centrated.* 

Respecting the ores of the remaining metals, sufficient 
information has been already given for,the purposes of the 
general student, and they are of such rare occurrence, that 
it is unnecessary to describe them more in detail. It may be 
proper, however, to state where the best iil of the 
analysis of each may be found. 

18. Ores of titanium. Consult Gregor, in Journ. de Phy- 
sique, Xxxix. 72, 152; Klaproth, i. 496; and Chenevix, Ni- 
cholson’s Journal, v. 139, 

19. Ores of tellurium. See Klaproth, ii. 1. 

20. Ores of chromium. Vauquelin, Ann. de Chim. xxv. 

21. Ores of columbium. Hatchett, Phil. Trans. 1802; Ann. 
de Chimie, xliil. 276. 

22. Ores of palladium and rhodium. Wollaston, Phil. 
Trans. 1805; Baruel, Quart. Journ. xii. , 

23. Ores of iridium and osmium. 'Tennani, Phil. Trans. 
1804; Baruel, Quart. Journ. xii. 247. 

24. Ores of cerium. Hisenger and Berzelius, and Vauquelin, 
Nicholson’s Journ. 8vo. xii. . 


* See Hatchett’s Analysis of the Carinthian Molybdate of Lead, Philo- 
sophical Transactions, 1796; and Klaproth, yol. i, pages 534, 538. - 
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Art. 6.—Analysis of Ores in the dry way. 

To analyze ores in the dry way, a method which affords the 
most satisfactory evidence of their composition, and should 
always precede the working of large and‘ extensive mines, a 
more complicated apparatus is required.—An assaying fur- 
nace, with muffles, crucibles, &c., is absolutely necessary. 
These have already been enumerated in the chapter on Appa- 
ratus, and will be found described in the Explanation of the 
Plates. Much useful information respecting the composition 
of minerals may, also, be gained from experiments with the 
blow-pipe. Ample directions for assays of this kind are given 
in a Memoir by Haussman, in the 43d volume of the Philo- 
sophical Magazine; by Gahn in the 11th vol. of Dr. Thom- 
son’s Annals, p. 40; and by Berzelius, in a work expressly 
devoted to the purpose, which has been lately translated, and 
published with valuable additions, by Mr. Children (1 vol. 
8vo. London, 1822). To this work I refer the reader for a 
variety of details which require attention in metallurgic expe- 
riments with the blow-pipe. In the Appendix, a table will be 
found, exhibiting the appearances of the different earths and 
metallic oxides under that instrument. 

The reduction of an ore requires, frequently, previous 
roasting, to expel the sulphur. and other volatile ingredients : 
or this may be effected, by mixing the powdered ore with nitre, 
and projecting the mixture into a crucible. ‘The sulphate of 
potassa, thus formed, may be washed off, and the oxide must 
be reserved for subsequent experiments. | 

As many of the metals retain their oxygen so forcibly, that 
the application of heat is incapable of expelling it, the addi- 
tion of inflammable matter becomes expedient. And, to enable 
the reduced particles of metal to agglutinate and form a col- 
lected mass, instead of scattered grains, which would other- 
wise happen, some fusible ingredient must be added, through 
which, when in fusion, the reduced metal may descend, and 
be collected at the bottom of the crucible. ‘Substances that 
answer both these purposes are called flues. The alkaline 
and earthy part of fluxes serve also another end, vix. that of 
combining with any acid which may be. ‘attached to a metal, 
and which would prevent its reduction if not separated, 
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The ores of different metals, and different ores of the same 
metal, require different fluxes. To offer rules, however, for 
each individual case, would occupy too much room in this 
work; I shall, therefore, only state a few of those fluxes that 
are most generally applicable. rin 

The black flux is formed, by setting fire toa sikabieme of one 
part of nitrate of potassa, and two ti bi-tartrate of potassa; 
which affords an intimate mixture of sub-carbonate of potassa 
with a fine light coal. White fiux is obtained by projecting 
into a red-hot crucible equal parts of the same salts... ‘Two 
parts of common salt, previously dried in a crucible, one part 
of dry and powdered lime, one part of fluate of lime, and half 
a part: of charcoal; or 400 parts of calcined borax, 40 of lime, 
and 50 of charcoal; or, two parts of pounded and finely sifted 
glass, one of borax, and half a part of charcoal, are all well 
adapted to the purpose of fluxes. The ore, after being roasted, 
if necessary, is to be well mixed with three or four times its 
weight of the flux, and put into a crucible, with a little pow- 
dered charcoal over the surface. A cover must be luted on, 
and the crucible exposed to the necessary heat in a wind-fur- 
nace. Ores of iron being difficultly reduced, require a very 
intense fire. ‘Those of silver and lead are metallized by a 
lower heat. The metal is found at the bottom of the crucible, 
in the form of a round button. 

_ The volatile metais, as mercury, zinc, arsenic, tellurium, 
and osmium, it is obvious, ought not to be treated in the above 
manner, and required to be distilled with inflammable matters 
in an earthen retort. 

For minute instructions respecting the analysis of every 
species of ore, both in the humid and dry ways, I refer to the 
second volume of Mr. Kirwan’s Mineralogy, and to a Treatise 
on the General Principles of Chemical Analysis,’ translated 
from the French of 'Thenard, by Mr. Children. Various excel- 
lent examples, which may be studied with great advantage, 
may be found in the essays of Vauquelin, dispersed through 
the Annales de Chimie; in those of Mr. Hatchett and Mr. 
Chenevix, in the Philosophical Transactions; of Dr. Kennedy, 
in Nicholson’s Journal; and of Mr. Klaproth, in the work 
already frequently referred to. It is only, indeed, by an 
attention to these, and to more recent models of chemical skill 
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and accuracy to be found in the various philosophical jour- 
nals, conjoined with the practical imitation of them, that 
facility or certainty in the art of analyzing minerals can be 
acquired: and though general rules are, in this instance, of 
considerable utility, it is impossible to frame any that can be 
adapted to the infinite variety which nature presents in ene 
productions of the mineral kingdom. 


588 


CHAPTER XV. 


; 


APPLICATION OF CHEMICAL TESTS AND RE-AGENTS TO VARIOUS 
USEFUL PURPOSES. 


——_ 


SECTION I. 


Method of Detecting Poisons. 


Wuen sudden death is suspected to have been occasioned 
by the administration of poison, either wilfully or by acci- 
dent, the testimony of the physician is occasionally required 
to confirm or invalidate this suspicion. He may also be 
sometimes called upon to ascertain the cause of the noxious 
effects arising from the presence of poisonous substances in 
articles of diet; and it may therefore serve an important 
purpose, to point out concisely the simplest and most prac- 
ticable modes of obtaining, by experiment, the necessary 
information. | 

The poisons, that can be most clearly and decisively 
detected by chemical means, are those of the mineral king- 
dom. Arsenic, and corrosive sublimate* are most likely 
to be exhibited with the view of producing death; and lead 
and copper may be introduced undesignedly, in several ways, 
into our food and drink. ‘The continued and unsuspected 
operation of the two last may often produce effects Jess sud- 
den and violent, but not less baneful to health and life, than 
the more active poisons; and their operation generally in- 
volves, in the pernicious consequences, a greater number of 
sufferers. 7 


* T use the term arsenic, instead of the more proper one, arsenious acid ; 
and corrosive sublimate, for bichloride or oxymuriate of mercury ; because 
the former terms are more generally understood, 
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Ant, I—Method of discovering Arsenic. 


When the cause of sudden death is believed, from the 
symptoms preceding it, to be the administration of arsenic, 
the contents of the stomach must be attentively examined. 
To effect this, let a ligature be made at each orifice, the 
stomach removed entirely from the body, and its whole con- 
tents washed out into an earthen or glass vessel. ‘The arsenic, 
on account of its greater specific gravity, will settle to the 
bottom, and may be obtained separate, after washing off the 
other substances by repeated affusions of cold water. ‘These 
washings should not be thrown away, till the presence of arse- 
nic has been clearly ascertained. It may be expected at the 
bottom of the vessel in the form of a white powder, which 
must be carefully collected, dried on a filter, and. submitted 
to experiment. 

(A) Boil a small portion of the powder with a few ounces 
of distilled water, in a clean Florence flask, and filter the 
solution. 

(B) To this solution add a portion of water, saturated with 
sulphureted hydrogen gas; or as Mr. Phillips recommends 
(Ann. of Phil. N. S. vii. 32.) pass the gas through the watery 
solution. For this purpose, put into a Florence oil flask 
about 2 ounces of strong muriatic acid, and an ounce anda 
half of powdered sulphuret of antimony. ‘The gas may be 
conducted into the solution by a glass tube or tin pipe twice 
bent at a right angle. If arsenic be present, a golden 
yellow sediment will fall down, which will appear sooner, if a — 
few drops of acetic acid be added. 

~ (C) A similar ‘effect is produced by the addition of sali 
of ammonia, or hydro-sulphuret of potassa.* 

It is necessary, however, to observe that these tests are de- 
composed not only by all metallic solutions, but by the mere 
addition of any acid. But among these precipitates, Dr. 
Bostock assures us,t the greatest part are so obviously dif- 
ferent as not to afford a probability of being mistaken; the 
only two, which bear a close resemblance to it, are the preci- 


* See vol. 1. page 370. 
+ Edinburgh Medical and Surgical Journal, v. 166. 
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pitate from tartarized antimony, and that separated by an 
acid. In the latter, however, the sulphur preserves its pe- 
culiar yellow colour, while the arsenic presents a deep shade 
of orange; but no obvious circumstance of discrimination 
can be pointed out between the hydro-sulphurets of. arsenic 
and of antimony. Hence Dr. Bostock concludes that sul- 
phureted hydrogen and its compounds merit our confidence 
only as collateral tests. They discover arsenic with great 
delicacy: sixty grains of water, to which one grain only of 
liquid sulphuret (hydrogureted sulphuret ?) had been added, 
was almost instantly rendered completely opaque by {th of a 
grain of the white oxide of arsenic in solution. | 

(D) To a little of the solution (A) add a single drop of a 
weak solution of subcarbonate of potassa, and afterward a few 
drops of a solution of sulphate of copper, which should, for 
this purpose, be quite free from iron. ‘The presence of arsenic 
will. be manifested by a yellowish green’ precipitate. Or 
boil a portion of the suspected powder with a dilute solution 
of pure potassa, and precipitate, with this, the sulphate of 
copper, when a similar appearance will ensue still more re- 
markably, if arsenic be present. The colour of this precipi- 
tate is perfectly characteristic. It is that of the pigment called 
‘Scheele’s green.* To identify the arsenic with still greater 
certainty, it may be proper, at the time of making the expe- 
riments on. a suspected substance, to perform similar ones, 
as a standard of comparison, on what is actually known to 
be arsenic. Let the colour, therefore, produced by adding 
an alkaline solution of the substance under examination to a 
solution of sulphate of copper, be compared with that obtained 
by a similar admixture of a solution of copper with one of 
real arsenic in alkali, 

The proportions, in which the different ingredients are em- 
ployed, Dr. Bostock has found to have considerable influence 
on the distinct exhibition of the effect. Those, which he has 
observed to answer best, were one of arsenic, three of potassa 
(probably the sub-carbonate or common salt of tartar), and 
five of sulphate of copper. For instance, a solution of one 
grain of arsenic and three grains of potassa, in two drachms 


-* See chap. ix. sect. 19. \ 
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of water, being mingled with another solution of five grains of 
‘sulphate of copper in the same quantity of water, the whole 
was converted into a beautiful grass green, from which a co+ 
pious precipitate of the same hue slowly subsided, leaving the 
supernatant ‘liquor transparent and nearly colourless, The 
same materials except with the omission of the arsenic, being 
employed in the same manner, a delicate sky-blue resulted, 
so different from the former, as not to admit of the possibility 
of mistake. In this way zizth of a grain of arsenic, diffused 
through sixty grains of water, sdicinelbaly by the addition of 
‘sulphate of copper and potassa in proper proportions, a dis- 
tinct precipitate of Scheele’s green. In employing this test, 
it is necessary to view the fluid by reflected and not by transe 
mitted light, and to make the examination by day-light.. To 
render. the effect more apparent, a sheet of white paper may 
be placed behind the glass in which the mixed fluids are con+ 
tained;* or the precipitation may be effected by mixing the 
fluids on a piece of writing paper. 

(E) The sediments, produced by any of the foregoing ex- 
periments, may be collected, dried, and laid on red-hot char 
coal. A smell of sulphur will first arise, and will be followed 

by that of garlic. 

(F) A process for detecting arsenic has been piastosed by 
Mr. Hume, of London, in the Philosophical Magazine for. 
May, 1809, vol. xxxiii. The test, which he has suggested, is. 
the fused nitrate of silver or lunar caustic, which he employs 
in the following manner: +. 

Into a clean: Florence oil flask, introduce two or three 
grains of any powder suspected to be arsenic; add not less 
than eight ounce@measures of either rain or. distilled water; 
and heat this gradually over a lamp or clear coal fire, till the 
solution begins to boil. Then, while it boils, frequently shake 
the flask, which may be readily done by wrapping a piece of | 
leather round its neck, or putting a glove upon the hand, 
To the hot solution, add a grain or two of sub-carbonate. of. 
potassa or soda, agitating the whole to make the mixture 
uniform. 

In the next place, pour,into an ounce pbiallca or a snipll 


* Lib. citat. p. 170. 
+ London Medical and Physical Journal, xxiii, 448, 
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wine glass about two table spoonfuls of this solution, and pre- 
sent, to the mere surface of the fluid, a stick of dry nitrate of 
silver or lunar caustic. If there be any arsenic present, a 
beautiful yellow precipitate will instantly appear, which will 
proceed from the point of contact of the nitrate with the fluid ; 
and settle towards the bottom of the vessel as a flocculent and 
copious precipitate. 

The nitrate of silver, Mr. Hume finds, also, acts very sen- 
sibly upon arsenate of potassa, and decidedly distinguishes this 
salt from the above solution or arsenite of potassa; the colour 
of the precipitate, occasioned by the arsenate, being much 
darker and more inclined to brick-red. In both cases, he is 
of opinion that the test of nitrate of silver is greatly superior 
to that of sulphate cf copper; inasmuch as it produces a much 
more copious precipitate, when equal quantities are submitted 
to experiment. ‘he tests he recommends to be employed in 
their dry state, in preference to that of solution; and that the 
piece of salt be held on the surface only. | 

A modified application of this test has since been proposed 
by Dr. Marcet, whose directions are as follow. Let the fluid, 
suspected to contain arsenic, be filtered; let the end of a glass 
rod, wetted with a solution of pure ammonia, be brought 
into contact with this fluid, and let the end ofa clean rod, 
similarly wetted with solution of nitrate of silver, be immersed 
in the mixture. If the minutest quantity of arsenic be pre- 
sent, a precipitate of a bright yellow colour inclining to orange 
will appear at the point of contact, and will readily subside to 
the bottom of the vessel. As this precipitate is soluble in 
ammonia, the greatest care is necessary not to add an excess 
of that alkali. The acid of arsenic, with the’same test, affords 
a brick-red precipitate.*—-Mr. Hume, it may be added, now 
prepares his test by dissolving a few grains, say ten, of lunar 
- caustic in nine or ten times its weight of distilled water ; pre- 
cipitating by liquid ammonia; and adding cautiously, and by 
afew drops at once, liquid ammonia, till the precipitate is 
redissolved, and no longer. ‘To obviate the possibility of any 
excess of ammonia, a small quantity of the precipitate may be — 
left undissolved. ‘To apply this test, nothing more is required 


* Med. Chir. Trans. ii, 156, 
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than’ to dip a rod of glass into this liquor, and then touch 
with it’ the surface of a solution supposed to contain arsenic, 
which will be indicated by a yellow precipitate. 

Mr. Sylvester has objected to this test, that it will not pro- 
duce the expected appearance, when common salt is present. 
He has, therefore, proposed the red acetate of iron as a better 
test of arsenic, with which it forms a bright yellow deposit ; 
or the acetate. of copper, which affords a green precipitate. 
Of the two, he recommends the latter in preference, but 
advises that both should be resorted to in doubtful cases.* Dr. 
Marcet, however, has replied, that the objection arising from 
the presence of common salt is easily obviated; for if a little 
diluted nitric acid be added to the suspected liquid, and then 
nitrate of silver very cautiously till the precipitate ceases, the 
muriatic acid will be removed, but the arsenic will remain’in 
solution, and the addition of ammonia will produce the yellow 
precipitate in its characteristic form. It is scarcely necessary 
to add that the quantity of ammonia must be sufficient to 
saturate any excess of nitric acid which the fluid may con- 
tain. t 

A. more important objection to nitrate of silver as a test of 
arsenic is, that it affords, with the alkaline phosphatés, a pre- 
cipitate of phosphate of silver, scarcely distinguishabie by its 
colour from the arseniate of that metal.{ In answer to this, 
it is alleged by Mr. Hume, § that the arsenite of silver may 
be discriminated by a curdy or flocculent figure, resembling 
that of fresh precipitated muriate of silver, except that its 
colour is yellow; while the phosphate is smooth and homo- 
geneous. ‘The better to discriminate these two arsenites, he 
advises two parallel experiments to be made, upon separate 
pieces of clean writing paper, spreading on the one a little of 
the fresh prepared arsenite, and on the other a little of the 
phosphate. When these are suffered to dry, the phosphate 


will gradually assume a black colour, or nearly so, while the 


arsenite will pass from its original vivid yellow to an Indian 


yellow, or nearly a fawn ade, 
Dr. Paris conducts the trial in the following manner: drop 


* 33 Nich. Journ. 306. | + Phil. Mag. xli, 124. 
{ Thomson’s Annals, viii. 152. § Med. and Phys. Journ, Jan. 1818. 
VOL. II. | . 2Q , 
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the suspected fluid on a piece of white paper, making with it 
a broad line; along this line a stick of lunar caustic is to be 
slowly drawn séveral times successively, when a streak will 
appear of the colour resembling that known by the name of 
Indian yellow. ‘This is equally produced by arsenic and by 
an alkaline phosphate, but the one from arsenic is rough, 
curdy, and flocculent, like that from a crayon; that from a 
phosphate is homogeneous and uniform, resembling a water 
colour laid smoothly on witha brush. But a more important 
and distinctive peculiarity soon succeeds; for in less than two 
minutes the phosphoric yellow fades into a sad green, and 
becomes gradually darker, and ultimately quite black, while 
on the other hand the arsenic yellow continues permanent, or 
nearly so, for some time, and then becomes brown. In per- 
forming this experiment, the sunshine should be avoided, or 
the change of colour will take place too rapidly. (Ann. of 
Phil. x. 60.) The author of the London Dispensatory adds, 
that the test is improved by brushing the streak lightly over 
with liquid ammonia immediately aftet the eppicares of the 
caustic, when, if arsenic be present, a bright queen’s yellow i is 
produced, which remains permanent for néatly an hour; but 
that when lunar caustic produces a white yellow before the 
ammonia is applied, we may infer the presence of some alka- 
line phosphate rather than of arsenic. 

(G) Mr. Smithson proposes to fuse any powder suspected 
to contain arsenic with nitre; this produces arseniate of 
potassa, of which the solution affords a brick red precipitate 
with nitrate of silver. In cases where any sensible portion of 
the alkali of the nitre has been set free, it must be saturated 
with acetous acid, and the saline mixture dried and re-dissolvéd 
in water. So small is the quantity of arsenic required for this 
mode of trial, that a drop of solution of oxide of arsenic in 
water (which at 54° Fahr. may be estimated to contain 5th 
its weight of the oxide), mixed with a little nitrate of potassa, 
and fused in a platinum spoon, affords a very sensible quantity 
of arseniate of silver. (Ann. of Phil. N.S. iv. 127.) 

(H) Dr. Cooper, President of Columbia College, finds a 
solution of chromate of potassa to be one of the best tests of 
arsenic. One drop is turned green by the fourth of a grain 
of arsenic, by two.or three drops of Fowler’s mineral solution, 
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or any other arsenite of potassa. The arsenious acid takes 
oxygen from the chromic, which is converted into oxide of 
chrome. To exhibit the effect, take five watch glasses; put 
on one, two or three drops of a watery solution of white 
arsenic; on the second, as much arsenite of potassa; on the 
third, one fourth of a grain of white arsenic in substance; on 
the fourth, two or three drops of solution of corrosive subli- 
mate; on the fifth, two or three drops of a solution of copper. 
Add to each three or four drops of a solution of chromate of 
potassa. In half an hour a bright clear grass green colour 
will appear in numbers J, 2, 3, unchangeable by ammnionia: 
number 4 will instantly exhibit an orange precipitate; and 
number 5 a green, which a drop of ammonia will instantly 
change to blue. (Silliman’s American Journal, iii.) 

(I) But the most decisive mode of determining the pre- 
sence of arsenic (which, though not absolutely indispensable, 
should always be resorted to, when the suspected substance 
can be obtained in sufficient quantity), is by reducing it toa 
metallic state; for its characters are then clear and unequi- 
vocal. For this purpose, let a portion of the white sediment, 
collected from the contents of the stomach, be dried and mixed 
with three times its weight of black flux (see p. 50); or if 
this cannot be procured, with two parts of very dry carbonate 
of potassa (the salt of tartar of the shops), and one of pow- 
dered charcoal. Dr. Bostock finds that for this mixture, we 
may advantageously substitute one composed of half a grain 
of charcoal, and two drops of oil, to a grain of the sedliment. 
Procure a tube 21 iriches long, and about 0.4 of an inch in 
diameter, 8f thin glass, sealed hermetically at one end, and 
with a slightly dilated mouth at the other, like a test tube. 
Then put into the tube the mixture of the powder and its flux, 
and if any should adhere to the inner surface, let it be wiped 
off by a feather, so that the inside of all the upper part of the 
tube may be quite clean and dry. Stop the end of the tube 
loosely, with a little paper, and heat the sealed end by a spirit 
lamp, taking care to avoid breathing the fumes. The arsenic, 
if present, will rise to the upper part of the tube, on the inner 
surface of which it will form, in two or three minutes, a thin 
brilliant coating. "When the tube is cold, shake out the loose 
tiaterials from the bottom, and then scrapé off the metallic 
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crust from its sides by a knife, which saves the tube for future 
use. Lay a little of the shining metal on a heated iron, when, 
if it be arsenic, a dense white smoke will arise, and a strong 
smell of garlic will be perceived ; and if a clean knife be held 
in the fumes, a portion of a white powder will be condensed 
on the blade. ‘The arsenic may be farther identified, by 
putting a small quantity between two polished plates of cop- 
per, surrounding it by powdered charcoal, to prevent’ its 
escape, binding these tightly together by iron wire, and ex- 
posing them to a low red heat. If the included substance be 
arsenic, a white stain will be left on the copper. | 
_ (K). It may be proper to observe, that neither the stain on 
copper, nor the odour of garlic, is produced by’ the white 
oxide of arsenic, when heated without the addition of some 
inflammable ingredient. The absence of arsenic must not, 
therefore, be pitaered; if no smell should be occasioned by 
laying the white powder on a heated iron. 

Dr. Traill has ascertained, that all the necessary experi- 

ments, for the detection of arsenic, may be made on one- 
tenth of a grain of the white oxide; this very small quantity 
having produced, when heated in a tube with its proper flux, 
as much of the metal as clearly established its presence. (Ann. 
of Phil. N. 8. vii. 131.) 
_ If the quantity of arsenic in the stomach should be so 
small, which is not very probable, as to occasion death, and 
yet to remain suspended in the washings, the whole contents, 
and the water employed to wash them, must be filtered, and 
the clear liquor assayed for arsenic by the teats (B), (C), 
(D), and (EF). 

In this case it is necessary to be careful that a colour of 
the precipitate is not modified by that of the liquid found in 
the stomach. If this be yellow, the precipitate by sulphate 
of copper and carbonate of potassa, will appear green, even 
though no arsenic be present; but on leaving it to settle, 
decanting off the fluid, and replacing it with water, it will 
evidently be blue without any tinge of green, being no longer 
seen through a yellow medium. (Dr. Paris.) To avoid, 
however, all uncertainty arising from coloured fluids, Mr. 
Phillips employs animal charcoal (ivory black) for the purpose 
of destroying the colouring matter, ‘This it does so effec- 
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tually as to admit of the subsequent application of the most 
delicate tests. When the silver test is employed, the ivory 
black should be first deprived of muriate of soda by careful 
washing with distilled water. 

The liquid contents of the stomach may also be evaporated 
to dryness below 250° Fahr. and the dry mass be exposed to 
heat at the bottom of a Florence flask, to sublime the arsenic. 
If dissolved in an oily fluid, Dr. Ure proposes to boil the 
solution with distilled water, and afterwards to separate the 
oil by the capillary action of wick threads. ‘The watery fluid 
may then be subjected to the usual tests. 

In an investigation, the event of which is to affect the life 
of an accused person, it is the duty of every one who may 
prepare himself to give evidence, not to rest satisfied with the 
appearances produced by any one test of arsenic; but to ren- 
der its presence quite unequivocal by the concurring results of 
several. 


Art. II.—Discovery of Corrosive Sublimate, Baryia, &c. 


Corrosive sublimate (the bi-chloride or oxy-muriate of mer- 
cury), next to arsenic, is the most virulent of the metallic 
poisons. It may be collected by treating the contents of the 
stomach in the manner already described; but as it is more 
soluble than arsenic, viz. in about 19 times its weight of water, 
no more water must be employed than is barely sufficient, and 
the washings must be carefully preserved for examination. 

If a powder should be collected, by this operation, which 
proves, on examination, not to be arsenic, it may be known 
to be corrosive sublimate by the following characters : 

(A) Expose a small quantity of it, without any admixture, 
to heat in a coated glass tube, as directed in the treatment of 
arsenic. Corrosive sublimate will be ascertained by its rising 
to the top of the tube, lining the inner surface in the form of 
a shining white crust. 

(B) Dissolve another portion in distilled water; and it may 
be proper to observe how much of the salt the water is capa- 
ble of taking up. 

(C) To the watery solution add a little lime-water. A pre- 
cipitate of an orange yellow colour will instantly appear. 
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(D) To another portion of the solution add a single drop 
of a dilute solution of sub-carbonate of potassa (salt of tartar), 
A white precipitate will appear; but, on astill farther addition 
of alkali, an orange-coloured sediment will be formed, 

(IE) The carbonate of soda has similar effects. 

(F) Sulphureted water throws down a dark-coloured sedi- 
ment, which, when dried and strongly heated, is wholly 
volatilized, without any odour of garlic. 

For the detection of corrosive sahil eit Mr. Sylvester has 
recommended the application of galvanism, which exhibits the 
mercury in the metallic state, A piece of zine wire, or if that 
cannot be had, of iron wire about three inches long, is to be 
twice bent at right angles so as to resemble the Gr ne letter I, 
The two legs of this figure should be distant about the dia- 
meter of a common gold wedding-ring from each other, and 
the two ends of the bent wire must afterwards be tied toa 
ring of this description. ‘Let a plate of glass, not less than 
three inches square, be laid as nearly horizontal as possible, 
and on one side, drop some sulphuric acid, diluted with about 
six times its weight of water, till it spreads to the size of a 
halfpenny. At a little distance from this, towards the other 
side, next drop some of the solution supposed to contain 
corrosive sublimate, till the edges of the two liquids join 
together; and let the wire and ring prepared as. above be laid 
in such a way that the wire may touch the acid, while the gold 
_ Ying is in contact with the suspected liquid. If the minutest 
quantity of corrosive sublimate be present, the ring in a few 
minutes will be covered with mercury on the part sprite 
touched the fluid. 

Mr. Smithson remarks, that all the oxides and saline com- 
pounds of mercury, if laid in a drop of marine acid on gold, 
with a bit of tin, quickly amalgamate the gold. In this way, 
a very minute quantity of corrosive sublimate, or a drop of 
its solution may be tried, and no addition of muriatic acid is 
then required, Quantities of mercury may thus be rendered 
evident, which could not be so by any other means. Even 
the mercury of cinnabar may be exhibited; but it must pre- 
viously be boiled with a little sulphuric acid in a platinum. 
spoon, to convert it into sulphate. An exceedingly minute 
quantity of metallic mercury in any powder may be disco- 
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vered by placing it in nitric acid on gold, drying, and adding 
muriatic acid and tin. 

_ The only mineral poison of great virulence that has not 
been mentioned, and which, from its being little known to 
act as such, it is very improbable we should meet with, is the 
carbonate of baryta. This, in the country where it is found, 
is employed as a poison for rats, and there can be no doubt 
that it would be equally destructive to human life. It may be 
discovered by dissolving it in muriatic acid, and by the inso- 
lubility of the precipitate which this solution yields on adding 
sulphuric acid, or sulphate of soda. Soluble barytic salts, if 
these have been the means of poison, will be contained in the 
water employed to wash the contents of the stomach, and will 
be detected, on adding sulphuric acid, by a copicus precipi- 
tation. 

It may be proper to observe, that the failure of attempts to 
discover poisonous substances in the alimentary canal after 
death, is by no means a sufficient proof that death has not 
been occasioned by poison. For it has been clearly established, 
by experiments made on animals, that a poison may be so 
completely evacuated, that no traces of it shall be found, and 
yet that death may ensue from the morbid changes which it 
has occasioned in the alimentary canal, or in the general 
system. 

Art. I11.— Method of detecting Copper or Lead. 

Copper and lead sometimes gain admission into articles of 
food, in consequence of the employment of kitchen utensils 
of these materials. | 

J. If copper be suspected in any liquor, its presence will 
be ascertained by adding a solution of pure ammonia, which 
will strike a beautiful blue colour. If the solution be very 
dilute, it may be concentrated by evaporation; and if the 
liquor contain a considerable excess of acid, like that used to 
preserve pickles, as much of the alkali must be added as is 
more than sufficient to saturate the acid. In this, and all 
other experiments of the same kind, the fluid should be viewed. 
by reflected, and not by transmitted light. 

_ If into a newly prepared tincture of guaiacum wood we 
drop a:concentrated solution of a salt of copper, the mixture 


600 CHEMICAL TESTS AND RE-AGENTS. CHAP. XV. 


instantly assumes a blue colour. This effect does not take place 
when the solution is very weak, for example, when there is not 
above half a grain of the salt to an ounce of water; but then, 
by the addition of a few drops of prussic acid, the blue colour’ 
is instantly developed of great purity and_ intensity. ‘This: 
colour is not permanent, but soon passes to a green, and at 
length totally disappears. For want of prussic acid, distilled 
laurel water may be employed. The test produces its effect, 
even when the proportion of the salt of copper to the water 
does not exceed 1-45000th. Of this minute proportion, no 
other test, whether the prussiate of potassa, soda, or ammonia, 
gives the least indication. (Quart. Journ. x. 182.) 

II. Leap is occasionally found, in sufficient quantity to be 
injurious to health, in water that has passed through leaden 
pipes or been kept in leaden vessels, and sometimes even in 
pump-water, in consequence of that metal having been used 
in the construction of the pump. Acetate of lead has also 
been known to be fraudulently added to bad wines, with the 
view of concealing their defects, 

Lead may be discovered by adding, to a portion of the 
suspected water, about half its bulk of water impregnated 
with sulphureted hydrogen gas. If lead be present, it will 
be manifested by a dark brown, or blackish tinge. This test 
is so delicate, that water condensed by the leaden worm of a 
still-tub, is sensibly affected by it. Lead is also detected by a 
similar effect ensuing on the addition of sulphuret of ammonia, 
or potassa. 

The adequacy of this method, however, to the discovery 
of very minute quantities of lead, has been set aside by the 
experiments of Dr. Lambe,* the author of a skilful analysis 
of the springs of Leamington Priors, near Warwick. By 
new methods of examination, he has detected the presence of 
lead in several spring-waters, that manifest no change on the 
addition of the sulphureted test; and has found that metal in 
the precipitate, separated from such waters by the carbonate 
of potassa-or of soda. In operating on these waters, Dr. 
Lambe noticed the following appearances : 

(a) The test forms sometimes a dark cloud, with the pre- 


_* See his ‘‘ Researches into the Properties of Spring Water.” 8vo. 
London, Johnson, 1803, 
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cipitate ia pe <n which has been’ redissolved in 
nitric-acid. 

(b) Though it forms, in other cases, no 18 the epneaipne 
pais itvelf becomes darkened by the sulphureted test. 

“(c) The test forms a white cloud, treated with the i 
tate as in (a). These two appearances may be united. 

(d) The test neither forms a cloud, nor darkens the preci- 
pitate. 
““(e) In the cases (5), (c), (d), heat the precipitate, in con- 
tact with an alkaline carbonate, to redness; dissolve out the’ 
carbonate by water; and treat the precipitate as in (a). The 
sulphureted test then forms a dark cloud with the solution of 
the precipitate. In these experiments, it is essential that the 
acid, used to re-dissolve the precipitate, shail not be in excess;' 
and if it should so happen, that excess must be saturated 
before the test is applied. It is better to use so little acid, 
that some of the precipitate may remain undissolved. oa eh 

(f) Instead of the process (e) the precipitate may be ex- 
posed without addition, to a red heat, and then treated as 
in (a). In this case, the test will detect the metallic matter; 
but with less certainty than the foregoing one. 

The nitric acid, used in these experiments, should be 
perfectly pure; and the test should be recently prepared by 
saturating water with sulphureted hydrogen gas. A few drops 
of nitric acid added to a water containing lead, which has 
been reduced to 1-8th or 1-10th its bulk by evaporation, and 
then followed by the addition of a few drops of hydriodate of 
potassa, produces a yellow insoluble precipitate. 

Another mode of analysis, employed by Dr. Lambe, con- 
sists in precipitating the lead by solution of common salt; but 
as muriate of lead is partly soluble in water, this test cannot be 
applied to small portions of suspected water. The precipitate 
must be, therefore, collected, from two or three gallons, and 
‘heated to redness with twice its weight of carbonate of soda. 
Dissolve sut the soda; add nitric acid, saturating’ any super- | 
fluity; and then apply the sulphureted test. Sulphate of soda 
would be found more effectual in this process than the muriate, — 
on account of the greater insolubility of sulphate of lead. This 
property, indeed, renders sulphate of soda an excellent test of | 
the presence of Jead, when held in“solution by acids, for it 
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throws down that metal, even when present in very. small 
quantity, in the form of a heavy white peecipiiateg which is 
not soluble by acetic acid. 

The third process, which is the most staf tore of all, 
and is very easy, except for the trouble of collecting a large 
quantity of precipitate, is the actual reduction of the metal, 
and its exhibition in a separate form. ‘The precipitate may 
be mixed with its own weight of alkaline carbonate, and ex- 
posed either with or without the addition of a small proportion 
of charcoal, to a heat sufficient to melt the alkali. On break-. 
ing the crucible, a small globule of lead will be found reduced 
at the bottom. ‘The precipitate from about fifty gallons of 
water yielded Dr. Lambe, in one instance, about, two grains 
of lead. 


For discovering the.presence of lead in wines, a test invented 
by Dr. Hahnemann, and known by the title of Hahnemann’s 
wine-test, may be employed. ‘This test is prepared by putting 
together, into a small phial, sixteen grains of sulphuret of 
lime, prepared in the dry way (by exposing to a red heat, in 
a covered crucible, equal weights of powdered lime and 
sulphur, accurately mixed), and 20 grains of bitartrate - of 
potassa (cream of tartar). The phial is to be filled with water, 
well corked, and occasionally shaken for the space of ten 
minutes. When the powder has subsided, decant the clear 
liquor, and preserve it, in a well-stopped bottle, for use. The 
liquor, when fresh prepared, discovers lead by a dark coloured 
precipitate. A farther proof of the presence of lead in wines 
is the occurrence of a precipitate on adding a solution of the 
sulphate of soda. 

‘Mr. Sylvester bas proposed the gallic acid as an excellent 
test of the presence of lead.* 

The quantity of lead, which has been detected in sophis- 
ticated wine, may be estimated at forty grains of the metal in 
every fifty gallons. + 

When a considerable quantity of acetate of lead iis eri 
taken into the stomach (as sometimes, owing to its sweet taste, 
happens to children), after the exhibition of an active emetic, 


* 33 Nicholson’s Journal, 310, + Lambe, pa e 175, 
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the hydro-sulphuret of potassa or of ammonia may be given ; 
or probably a solution of sulphate of soda (Glauber’s salt) 
would render it innoxious. 
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SECTION II. 


RULES FOR ASCERTAINING THE PURITY OF CHEMICAL PREPA- 
RATIONS, EMPLOYED FOR THE PURPOSES OF MEDICINE, AND 
FOR OTHER USES, 


I.—Sulphuric Acid,—Acidum Sulphuricum of the London 
Pharmacopeia,—Oil of Vitriol. 


Tur specific gravity of sulphuric acid should be 1.8485, at 

60° Fahr.; when stronger, there is reason to suspect the pre- 
sence of sulphate of lead, or of other impurities. It should 
remain perfectly transparent when diluted with distilled water. 
If a sediment occur, on dilution, it is a ie oof of the presence 
of sulphate of lead. 
_ Iron may be detected in sulphuric acid, by a little under- 
saturating a portion of the diluted acid with pure carbonate of 
soda, and adding prussiate of potassa, which will manifest the 
presence of iron by a prussian blue precipitate; or it will be 
discovered by a purplish or blackish tinge, on the addition-of 
tincture of galls to a similarly sub-saturated portion. Copper 
may be discovered, by pure solution of ammonia, which turns 
it blue; and lead may be detected by the sulphuret of ammo- 
nia, which causes a black precipitate. The latter metal, 
however, is for the most part thrown down on dilution, in 
combination with sulphuric acid. 

Sulphate of potassa or of soda may be found by saturating 
the diluted acid with ammonia, evaporating to dryness, and 
applying a pretty strong heat. The sulphate of ammonia 
will escape, and that of potassa or of soda will remain, and 
may be distinguished by its gk get and other charac- 
ters.* 


# See vol. i. p. 529, 547. 
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Il. — Nitric and Nitrous Acids,—Acidum Nitricum, P. L.— 
Aqua Fortis. 


The nitric acid should be perfectly colourless, and as aes 
as water. It should be preserved in a dark place, to prevent 
its conversion into the nitrous kind. 

These acids are most likely to be adulterated with sulphuric 
and muriatic acids. The sulphuric acid may be discovered 
by adding to a portion of the acid, largely diluted, nitrated or 
mibiated | baryta, which will occasion, with sulphuric acid, a 
white and insoluble precipitate. The muriatic acid may be 
ascertained by nitrate of silver, which affords a sediment, at 
first white, but which becomes coloured by exposure to the 
direct light of the sun. Both these acids, however, may be 
present at once; and, in this case, it will be necessary to add’ 
a solution of nitrate of baryta as long as any precipitate falls, 
which will separate the sulphuric acid. Let the sediment sub- 
side, decant the clear liquor, and add the nitrate of silver. If 
a precipitate appear, muriatic acid may be inferred to be pre- 
sent also. Muriatic acid may also be detected by adding a 
solution of sulphate of silver. 

These acids in their most concentrated state should have 
the specific gravity of 1.500; but they are seldom found so 
heavy. ‘ 


Ul—Muriatic Acid,—Acidum Muriaticum, P. L.—Spirit 
of Salt. 


This acid frequently contains iron, which may be known by 
its yellow colour; the pure acid being perfectly colourless. 
Iron may also be detected by the same mode as was recom- 
mended in examining sulphuric acid; or by adding pure 
ammonia in excess, which throws down oxide of iron. 

Sulphuric acid is discoverable by a precipitation, on adding, 
to a portion of the acid, diluted with five or-six parts of pure 
water, a solution of the muriate of baryta. Chlorine, to which 
it sometimes owes its colour, is discovered by its smell, and 
by its action on gold leaf. 

The specific gravity of this acid should be 1.170. That of 
commerce is generally from 1.156 to 1.160; and the latter . 
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number denotes the strength of acid prepared according to 
the London Pharmacopeeia. It is as strong as it can be kept 
without emitting troublesome fumes. 


1V.—Acetic Acid,—Acidum Aceticum,—Radical or Concen- 
trated Vinegar. 


This acid is often contaminated by sulphurous and sulphuric 
acid. ‘The first may be known by drawing a little of the vapour 
into the lungs, when, if the acid be pure, no unpleasant sen- 
sation will be felt ; but, if sulphurous acid be contained in the 
acetic, it will not fail to be discovered by a sensation resem- 
bling that produced by breathing the fumes of burning sul- 
phur. Its presence is discovered, also, by acetate of lead, 
which throws down an insoluble sulphate of lead. The 
sulphuric acid is detected by muriated baryta; copper, by 
supersaturation with pure ammonia ; and lead, by pulp ribet 
of ammonia. 

The specific gravity of this acid should be 1.060 at least; 
but, as I have already stated, (Chap. xi. Sect. iv.) its acidity 
does not keep pace with its density. 


Va — Acetous Acid,—Acidum Aceticum, P. L. — Distilled 
Vinegar. 


If vinegar be distilled in copper vessels, it can hardly fail of 
being contaminated by that metal; and, if a leaden worm be 
used for its condensation, some portion of lead will certainly 
be dissolved. The former metal will appear on adding an 
excess of solution of pure ammonia; and lead will be detected 
by sulphureted ammonia, or by water saturated with sul- 
phureted hydrogen. (See the preceding chapter.). The 
strength of distilled vinegar ought, according to Mr. R. Phil- 
lips, to be such, that a fluid-ounce should decompose 13.8 
grains of carbonate of lime. 

It is not unusual, in order to increase the acid taste of | 
vinegar, to add sulphuric acid. Indeed the maker is allowed 
to add one thousand of its weight of sulphuric acid to proof 
vinegar, (Phillips’s Pharm. p. 16.) but of this acid none of 
course should be discoverable in vinegar which has been 
distilled. If present, sulphuric acid may be immediately dis- 
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covered by sclutions of baryta, which throw down a white 
precipitate. Muriatic acid is discoverable by nitrate of silver. 


VI.—Boracic Acid,—Sedative Salt of Homberg. 


Genuine boracic acid should totally dissolve in five times 
its weight of boiling alcohol; and the solution, when set on 
fire, should emit a green flame. The best boracic acid forms 
small hexangular scaly crystals of a shining silvery white 
colour. Its specific gravity is 1.480. 


Vil.—Tartaric Acid,—Citric Acid. 


Tartaric acid often contains sulphuric acid; to discover 
which, let a portion be dissolved in water, and a solution of 
acetate of lead be added. A precipitate will appear, which, 
if the acid be pure, is entirely re-dissolved by a few drops of 
pure nitric acid, or by a little pure acetic acid. If any portion 
remain undissolved, sulphuric acid is the cause. Muriate of 
baryta, also, when the acid is adulterated with sulphuric acid, 
but not otherwise, gives a | precipitate insoluble by an excess 
of pure muriatic acid. 

Citric acid, besides the impurities to which tartaric acid is 
liable, may be adulterated with the latter acid, on account of . 
its greater cheapness. ‘To discover tartaric acid add a little 
of the crystals, dissolved in water, to a solution of tartraté of 
potassa (soluble tartar). The tartaric acid will: produce an 
immediate precipitation of bitartrate of potassa, which will 
not appear if the substance under examination be pure citri¢ 
acid. 

VIIL.—Acid of Amber. 

Acid of amber is adulterated, sometimes with sulphuri¢ 
acid and its combinations; sometimes with tartaric acid; and 
at others with muriate of ammonia. 

Sulphuric acid is detected by solutions of baryta; tartari¢ 
acid by the cautious addition of carbonate of -potassa, which 
forms a difficultly soluble bi-tartrate; and muriate of ammonia 
by nitrate of silver, which discovers the acid, and by a solu- 
tion of pure potassa, which excites a strong smell of a am- 
monia. | | 

Pure acid of amber is a crystalline white salt*ofan acid 
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taste, soluble in twenty-four parts of cold or eight of hot 
water, and is volatilized, when laid on red-hot iron, without 
leaving any ashes or other residue. 


IX.—Acid of Benzoin,—Acidum Benzoicum, P. L. 


This acid is not very liable to adulteration. The best has 
a brilliant white colour and a peculiarly grateful smell. It is 
soluble in a large quantity of boiling water or alcohol, and 
leaves no residue when placed on a heated iron. 


X.—Sub-carbonate of Potassa (strictly ithe Carbonate),— 
Potassee Subcarbonas, P. L. 


The salt of tartar of the shops generally contains sulphate 
and muriate of potassa, and siliceous and calcareous earths. 
It should dissolve entirely, if pure, in twice its weight of 
cold water; and any thing that remains undissolved may be 
regarded as an impurity. Sometimes one-fourth of foreign 
mixtures may thus be detected, the greater part of which is 
sulphate of potassa. ‘To ascertain the nature of the adultera- 
tion, boil in distilled water the residue left by cold water; and 
decant the solution. ‘Then dissolve a portion of the sediment 
(if any) in pure and diluted nitric acid: the siliceous earth 
only will remain undissolved. Add, to one part of the solution 
by hot water, nitrate of baryta; this will detect sulphate of 
potassa by a copious precipitate. ‘T’o another portion add 
nitrate of silver, which will discover muriatic salts; and, to 
a little of the solution by muriatic acid, add oxalate or fluate 
of ammonia, which will detect carbonate of lime. 

The solution of sub-carbonate of potassa (liquor potassce 
subcarbonatis, P, L.) may be examined in a similar manner. 


XI.—Solution of pure Potassa,—Liquor Potasse, P. L. 


This may be assayed, for sulphuric and muriatic salts, by 
saturation with nitric acid, and by the tests recommended in ~ 
speaking of carbonate of potassa. <A perfectly pure solution 
of potassa should remain transparent on the addition of 
barytic water. If a precipitate should ensue, soluble with 
effervescence in dilute muriatic acid, it is owing to the pre- 
sence of carbonic acid: if the precipitate is not soluble, -it 
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indicates sulphuric, acid. . The presence of carbonic acid is 
also shown by an effervescence, on adding. diluted sulphuric 
acid, and an excess of lime by a white precipitate, on blowing 
air from the lungs, through the ace by means of a 
tobacco-pipe, or a glass tube. 7 
_ /This solution cHonte be of such a strength, as that an exact 
wine-pint Ares Ww reigh 18 ounces troy. ‘ 


XII. aire carbonate of Soda (strictly Carbonate of Soda),—. 
'  Sode Subcarbonas, P Aah 


Carbonate of soda is scarcely ever found free he muriate 
and sulphate of soda.. ‘These may be discovéred by adding, 
to a littie of the carbonate saturated with pure nitric acid, 
first nitrate of baryta, to detect sulphuric acid, and afterward 
adding to the filtered liquor a few drops of. solution of nitrate 
of silver, to ascertain the presence of muriatic acid; or the 
latter impurity will be indicated at once by a cine of sul- 
phate of silver. Carbonate of potassa will be shown by a pre- 
cipitate ensuing on the addition of tartaric acid to a strong 
solution of the pen for, this acid forms a difficultly soluble 
salt with potassa, but not with soda. 


AIH — Solution of Carbonate of Ammonia,—Liquor Ammonie 
_, Carbonatis, Hae ihe 


This should have the specific gravity of ¥: 150; usheinlifs 
effervesce on the addition of acids; and should affordia strong 
coagulum,on adding alcohol. 


¥ 


. XILV.— Carbonate of Aepemiaidl-dintente Carbonas, PL. 
‘This salt should be entirely volatilized by heat. If any 


thing remain, when it is laid on a heated iron, carbonate of 
potassa or of lime may be suspected; and these impurities 
are most likely to be present if the carbonate of ammonia’ be 
purchased in the form of a powder. It should therefore always 
be bought in solid lumps. Sulphuric.and muriatic salts, lime, 
and:iron, may be discovered by adding to the alkali, saturated 
with nitric acid, the appropriate tests already often mentioned. 
It is liable also to, be unintentionally contaminated: with oily 
or carbonaceous matter. (Edin. Phil: Journ, vii. 303,.n.) 
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XV.— Solution of pure Ammonia in Water,—Liquor 
Ammonia, P. L.—Strong Spirit of Sal Ammoniac. 


The volatile alkali, in its purest state, exists as a gas con- 
densible by water, and its solution in water is the only form 
under which it is applicable to useful purposes. ‘This solution 
should contain nothing besides the volatile alkali; the alkali 
should be perfectly free from carbonic acid, and should be 
combined with water in the greatest possible proportion. The 
presence of other salts may be discovered by saturating a por- 
tion of the solution with pure nitric acid, and adding the tests 
for sulphuric and muriatic acids. Carbonic acid is shown by 
a precipitation on mixing the solution with one of muriate of 
lime; for this earthy salt is not precipitated by pure ammonia. 
The experiment should be made in a closed vial; for the 
volatile alkali, by exposure to the air, quickly gains carbonic 
acid enough to become a precipitant of -calcareous solutions. 
The best mode of determining the strength of the solution is 
by taking its specific gravity, which, at 60° Fahrenheit, should 
be as .900, or thereabouts, to 1.000. That of the London 
Pharmacopeeia (edit. 1815) has the specific gravity of 0.960; 
and is, therefore, very much short of the full strength. 


XVI.—Spirit of Hartshorn. 

This may be counterfeited by mixing the aqua ammomce 
pure with the distilled spirit of hartshorn, in order to increase 
the pungency of its smell, and to enable it to bear an addition 
of water. The fraud is detected by adding alcohol to the - 
sophisticated spirit; for, if no considerable coagulation ensues, 
the adulteration is proved. It may also be discovered by the 
usual effervescence not ensuing with acids. ‘The solution. 
should have the specific gravity of 1.500. 


XVII.—Sulphate of Soda,—Sode Sulphas, P. L.— 
Glauber’s Salt. 


This salt ought not to contain an excess of either acid or 
alkali, both of which may be detected by the proper tests. 
Nor should it be mixed with earthy or metallic salts, the 
former of which are detected by carbonate, and the latter by. 
prussiate of potassa. . Muriate of soda is discovered by adding — 
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nitrate of-baryta till the. precipitate ceases, and afterwards 

nitrate of silver, or more simply by a solution of sulphate of 

silver. Sulphate of potassa is discovered by its iiore sparing 

solubility. The sulphate of soda, however, ‘being itself one of 

the cheapest salts, there is little risk of its being intentionally 
sophisticated. 


XVITI.—Silphate of Potassa,—Potasse Sulphas, P. Fine 
Vitriolated Tartar. 


The purity of this salt may be ascertained by the same 
means as that of the former one. The little value of this salt 
renders it pretty secure from wilful adulteration. 


XE — Nitrate of Potassa,—Potasse Nitras, P. L. Ld 
Nitre or Salt Petre. 


_ Nitrate of potassa is, with great difficulty, fréed entir ely ; from 
common salt; and a small portion of the latter, except. for. 
nice chemical purposes, is an admixture of little importance. 
To discover its presence, a solution of nitrate of silver must 
be added as long as any sediment is produced. The precipi- 
tate, washed and dried, must be weighed. Every hundred. 
grains will denote about 421 of common Salt, 

Sulphate of potassa or soda may be discovered by nitrate or 
muriate of baryta; and the quantity may be estimated. from 
the weight of the precipitate. 


Xx X.—Muriate of Sida; Coin Salt. 


Glermuneth salt is scarcely ever found free from salts with 
entthy bases, chiefly muriates df magnesia and lime, whicli. 
are contained in the brine, and adhere to the crystals. The 
earths may be precipitated by carbonate of soda, and the 
precipitated lime and magnesia may be separated from each 
other by the rules given if page 559. 


XXIL—Muriate of Ammonity—Ammonice M ur 1s, P. Li— 


- Sal Ammoniac. 


This salt ought to be entirely vdlasiaeas by a low heats 
wheti laid 6n a heated iron. It sometinies contains sulphate. 
_ of ammonia, however, which, being also volatile, cannot be 
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thus detected. To ascertain the presence of the latter salt, 
add the muriate or nitrate of baryta, which will indicate the’ 
sulphate by a copious and insoluble precipitate. 


- 


XXU.— Acetate of Potassa,—Potasse ,Acetas, P. L. 


Genuine acetate of potassa is perfectly soluble in four times 
its weight of alcohol, and may thus be separated from other 
salts that are insoluble in that fluid. The tartrate of potassa 
(soluble tartar) is the adulteration most likely to be employed. 
This may be discovered by adding a solution of tartaric acid, 
which, if the suspected salt be present, will occasion a copious 
precipitate. The tartrate is also detected by its forming, with 
acetate of lead or muriate of baryta, a precipitate soluble in 
acetic or muriatic acid; and sulphates, by a precipitate with 
the same agents, insoluble in those acids. 


XXUL — Neutral Tartrate of Potassa,—Potass@ Tartras, 
P. L.—Soluble Tartar. 


This salt should afford a very copious precipitate on adding 
tartaric acid. The only salt likely to be mixed with it is 
sulphate of soda, which may be detected by a precipitate with 
muriated baryta, insoluble in diluted muriatic acid. 


XXIV.—Bi-tartrate of Potassa,—Potasse Supertartras, 
P. L.—Cream of Tartar. | 


The only substance with which this salt is likely to be pur- 
posely adulterated is sulphate of potassa. To determine 
whether this be present, pour, on about half an ounce of the 
powdered crystals, two or three ounce-measures of distilled 
water; shake the mixture frequently, and let it stand one or 
two hours.. The sulphate of potassa, being more soluble than 
the tartrate, will be taken up; and may be known by the 
bitter taste of the solution, and by a precipitate, on adding 
muriate of baryta, which will be insoluble in muriatic acid. 

Bi-tartrate of potassa frequently, however, contains tartrate 
of lime. This may be discovered by burning a portion so as 
to-destroy the acid; washing off by water the carbonate of 
potassa which is formed; and then acting en the residue with 
diluted muriatic acid. This dissolves the carbonate of lime, 

2R2Z 
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if any be present; and oxalate of ammonia, added to the solu- 
tion, precipitates oxalate of lime. 


XXV.—Compound Tartrate of Soda and Potassa,—Soda 
Tartarizata, P, L.—Rochelle or Seignette’s Salt. 


. Sulphate of soda, the only salt with which this may be ex- 
pected to be adulterated, is discovered by adding to a solution 
of Rochelle salt the acetate of lead or muriate of baryta.— 
The former, if the sulphate be present, affords a precipitate 
insoluble in acetous acid, and the latter one insoluble in mu- 
riatic acid. 


XXVI.— Sulphate of Magnesia,—Magnesie Sulphas, P. L.— 
Epsom Salt. 


This salt has been adulterated with sulphate of soda, or 
Glauber’s salt, which may be made to resemble the magnesian 
salt in appearance, by stirring it briskly at the moment when 
it is about to crystallize. ‘The fraud may be discovered very 
readily if the salt consist entirely of the sulphate of soda, 
because no precipitation will ensue on adding carbonate of 
potassa. If only a part of the salt be sulphate of soda, detec- 
tion is not so easy, but may still be accomplished ; for, since 
100 parts of crystallized sulphate of magnesia give between 
35 and 36 of the dry carbonate, when completely decomposed 
by about 57 of sub-carbonate of potassa, if the salt under 
examination afford a considerably less proportion, its sophis- 
tication may be fairly inferred ; or, to discover the sulphate of 
soda, precipitate all the magnesia by pure ammonia, with the 
aid of heat. Decant the clear liquor from the precipitate, 
filter it, and, after evaporation to dryness, apply such a heat 
as will volatilize the sulphate of ammonia, when that of soda 
will remain fixed, and every 10 grains of the dry residue will 
indicate about 22+ of crystals, 

Muriate of magnesia or of lime may be detected by the 
salt becoming moist when exposed to the air, and by a pre- 
cipitation with nitrated silver, after nitrate of baryta has sepa- 
rated all the sulphuric acid, or by fumes of muriatic acid 
arising on the addition of a little sulphuric acid. These, if 
in very small quantity, will be made apparent by a stopper 
moistened with liquor of ammonia. Lime is discoverable 
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by a white precipitate on the addition of liquid carbonate of 
ammonia. 

Mr. Brande has sometimes found amongst Epsom salt a 
very considerable proportion of the triple sulphate of mag- 
nesia and potassa. (Manual, vol. i. p. 599.) It may be known 
by its sparing solubility, and by the rhomboidal shape of its 
crystals; by occasioning a gritty sensation in the mouth; and 
by being less bitter than the magnesian sulphate. 


XXVII.—Sulphate of Alumina, §c.—Alum. 


Perfectly pure alum should contain neither iron nor copper. 
The former is manifested by adding, to a solution of alum, 
prussiate of potassa, and the latter by an excess of pure am- 
monia. 


XXVIIL.—Sub-lorate of Soda,—Sode Boras, P. L.— 


Borax. 


Borate of soda, if adulterated at all, will probably be so with 
alum or fused common salt. ‘To discover these, borax must 
be dissolved in water, and its excess of alkali be saturated with 
nitric acid. Nitrate of baryta, added to this saturated solu- 
tion, will detect the sulphuric salt, and nitrate of silver the 
common salt. 


XXIX. pcan of Iron,—Ferri Sulphas, P. LT eee. 
Vitriol. 


If this salt should contain copper, which is the only admixs | 
ture likely to be found in it, pure ammonia, added till a pre- 
cipitation ceases, will afford a blue liquor. Any copper, that 

may chance to be present, may be separated, and the salt puri- 
fied, by immersing in a solution of it a Gah polished plate 
of iron. 


XXX.—Glass of pe 


A large quantity of glass of lead was lately introduced into 
the London market, as glass of antimony. To discover this 
criminal imposition, whenever it may be practised, the follow- 
ing distinctive characters of the two substances have been de- 


scribed by Mr. Luke Howard.* 


* Philosophical Magazine, xxxv. 236. 
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Glass of antimony has a.tieh brown or reddish colour, with 
the usual transparency of coloured glasses. The glass of lead 
is of a deeper and duller colour against the light; is much less 
transparent; and even, in some samples, quite opaque. 

_, The specific gravity of the true never exceeds 4.95; that of 
the spurious or lead glass is 6.95; or, in round numbers their 
comparative weights are as 5 to 7. 

Let twenty grains be rubbed fine in a glass mortar, adding 
half an ounce of good muriatic acid. The true dissolves with 
an hepatic smell; the solution is turbid, but has no sediment. 
The spurious turns the acid yellow, giving out an odour of 
chlorine, and leaves much sediment. 

Let a little ofeach solution be separately dropped into water. 
The true deposits oxide of antimony in a copious white 
coagulum; or, if the water has been previously tinged with 

sulphur et of ammonia, in a fine orange precipitate. ‘The 
spurious gives no precipitate in water, and, in ee other liquid, 
one of a dark brown or olive colour. 

A solution of the spurious in distilled vinegar has a sweet 
taste, together with the other properties of acetate of lead. 

A very sinall mixture of the spurious may be detected by its 
debasing, more or less, the bright orange colour of the pre- 
cipitate thrown down by the sulphuret of ammonia from the 
solution in any acid. 

The samples of the spurious, hitherto detected, are of a 

much thicker and clumsier cast than the genuine; but the ap- 
pearance is not to be trusted, and no specimen should be 


allowed to pass without a trial either of the specific gravity or 
chemical properties. 


XXXI—Tartarized Antimony,—Antimonium Tartarizatum, 
P. L.—Emetic Tartar. 


A solution of this salt should afford, with acetate of lead, 
a precipitate perfectly soluble in dilute nitric acid. A few 
drops of the sulphuret of ammonia, also, added to its solution, 


should immediately precipitate a gold colour ed sulphuret of 
antimony, | | 
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XXXL Murigte of Mercury,—Hydrargyri Oxymurias, 
PP. L.— Corrosive Sublimate,— Bichloride of Mercury. 


If there be any reason to suspect arsenic in this salt, the 
admixture (which, however, is not likely to be practised ex- 
cept with the intention of its acting as a poison of even greater 
virulence) may be discovered as follows :—Dissolve a small 
quantity of the sublimate in distilled water: add a solution of 
carbonate of ammonia till the precipitate ceases, and filter 
the solution, If, on the addition of a few drops of ammoniu- 
reted copper * to this solution, a precipitate of a yellowish 
green colour is produced, the sublimate contains arsenic. 


‘XX XIII.—Submuriate of Mercury,—Proto-chloride of Mer- 
| cury,—Hydrargyrt Sub-murias, P. L.—Calomel. 


Calomel should be completely saturated with mercury. 
This may be ascertained by boiling, for a few minutes, one 
part of calomel in 10 parts of distilled water. “When solution 
of pure potassa is added to the filtered liquid, no precipitation 
will ensue if the calomel be pure; but corrosive sublimate will 
be indicated by an orange coloured precipitate of peroxide of 
mercury. Calomel, also, when rubbed in an earthen mortar 
with pure ammonia, should become intensely black, and should 
exhibit nothing of an orange hue. 


XXXIV.— Mercury, or Quicksilver,—Hydrargyrus, P. L. 


Scarcely any substance is so liable to adulteration as mer- 
cury, owing to the property which it possesses of dissolving 
completely some of the baser metals. This union is so strong, 

that they even rise along with the quicksilver when distilled. 
The impurity of mercury is generally indicated by its dull 
aspect; by its tarnishing and becoming covered with a coat 
of oxide, on long exposure to the air; by its adhesion to the 
‘surface of glass; and, when shaken with water in a bottle, by 
the speedy formation of a black powder. Lead and tin are 
frequent impurities, and the mercury becomes capable of 
_taking up more of these if zinc or bismuth be previously added. 
To discover lead, the mercury may be agitated with a little 
water, in order to oxidize that metal. Pour off the water, 


* Prepared by digesting a little verdegris in the solation of pure ammonia, 
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and digest the mercury with a little acetous acid. This will 
dissolve the oxide of lead, which will be indicated by a blackish 
precipitate with sulphureted water. Or, to this acetous solu- 
tion, add a little sulphate of soda, which will precipitate sul- 
phate of lead, containing, when dry, 68 per cent. of metal. 
If only a very minute quantity of lead be present, in a large 
quantity of mercury, it may be detected by solution in nitric 
acid and the addition of sulphureted water. A dark brown 
precipitate will ensue, ‘and will subside if allowed to stand a 
few days. One part of lead may thus be separated ‘from 15263 
parts of mercury.* Bismuth is detected by pouring a nitric 
solution, prepared without heat, into distilled water; a white 
precipitate will appear if this metal be present. ‘Tin is mani- 
fested, in like manner, by a weak solution of muriate of gold, 
which throws down a purple sediment; and zinc, by exposing 
the metal to heat. 


XXXV.—Red Oxide of Mercury,—Hydrargyrt Onydion 
Rubrum, P. L. 


This substance is rarely found adulterated, as it would be 
difficult to find a’ substance well suited to this purpose. If 
well prepared, it will be totally volatilized by heat. 


XXXVI.—Red Oxide of Mercury by Nitric Acid,—Hydrar- 
gyrt Nutrico-Oxydum, P, L.—Red Precipiiate, 


This is very liable to adulteration with minium, or red lead. 
The fraud may be discovered by digesting it in acetic acid, 
and adding to the solution sulphureted water, or sulphuret 
of ammonia, either of which produces, with the compounds of 
lead, a dirty dark coloured precipitate; or by adding sulphate 
of soda, which throws down sulphate of lead. ‘This oxide 
ought to be totally volatilized by heat. 


XXXVII— White Oxide of Mercury,—Hydrargyrus Preci- 

; pitatus Albus, P. L.—White Precipitate. 

White lead is the most probable adulteration of this sub- 
stance, and chalk may also be occasionally mixed with it. 
The oxide of lead may be discovered as in the last article; 
and chalk, by adding to the dilute solution a little oxalic acid. 


* Accum on the Detection of Adulterations, in Nicholson’s Journal, 4to, 
vol, iv, 
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XXXVIII.—Red. Sulphureted Oxide of Mercury,—Hydrar- 


gyri Sulphuretum Rubrum, P. L.—Factitious Cinnabar. 


This substance is frequently adulterated with red lead, 
which may be detected by the foregoing rules. Chalk and 
dragon’s blood are also sometimes mixed with it. The chalk 
is discovered by an effervescence on adding acetic acid, and 
by pouring oxalic acid into the acetous solution. Dragon’s 
blood will be left unvolatilized when the sulphuret is exposed 
to heat, and may be detected by its giving a colour to alcohol, 
when the cinnabar is digested with it. 


XXXIX.—Black Sulphureted Oxide ap Mercury,—Ethiop’ s 
Mineral. 


The mercury and sulphur, in this preparation, should be 
so intimately combined, that no globules of the metal can be 
discovered by a magnifier; and that, when rubbed on gold, 
no white stain may be communicated. The admixture of 
ivory-black may be detected by its not being wholly volatilized 
‘by heat; or, by boiling with alkali to extract the sulphur, and 
afterwards exposing the regia to heat, which ought entirely 
to evaporate. 


XL.— Yellow Oxide or Sub-sulphate of Mercury,—Hydrargyrus 
7 Vitriolatus, P. L.—Turbith Mineral. 


This preparation should be wholly evaporable; and, when 
digested with distilled water, the water ought not to take up 
any sulphuric acid, which will be discovered by muriate of 
baryta. 


XLI.—Fused Nitrate of Silver,—Argenti Nitras, P. Ein 
Lunar Caustic. 


The most probable admixture with this substance is nitrate 
of copper, derived from the employment of an impure silver. 
In moderate proportion this is of little importance. It may 
be ascertained by solution in water, and adding an excess of 
pure ammonia, which will detect copper by a deep blue colour. 
Dr. Thomson finds, also, that it often contains a little gold, 
which,. as well as the copper, separates in dark flocks when 
the caustic is dissolved in water. Not unfrequently it con- 
‘ tains nitrate of potassa, (First Princ. ii, 405.) 
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The watery solution of lunar caustic, when mingled with 
one of common salt, should give a copious curdy precipifate, 


XL. _W. hite Oxide of Bing Zick Oxydum, P. L, — 
Flowers of Zinc. . 


Oxide of zinc may be adulterated with chalk, which is dis- 
coverable by an effervescence with acetous acid, and by the 
precipitation of this solution with oxalic acid. Lead is de- 
tected by adding, to the acetous solution, sulphureted water, 
or sulphuret of ammonia. Arsenic, to which the activity of 
this medicine has been sometimes ascribed, is detected, also, 
by sulphureted water, added to the acetous solution: but in 
this case the precipitate has a yellow colour, and, when laid on 
red-hot charcoal, gives first a smell of sulphur, and afterwards 
of arsenic. 


~XLIUI.—White Carbonate of Lead,—Plumbi Carbonas, P.L.— 
White Lead. 


This is frequently sophisticated with chalk ; the presence of 
which may be detected by cold acetous acid, and by adding, 
to this solution, oxalic acid. Carbonate of baryta is detected 
by sulphate of soda added to the same solution, very largely 
‘diluted with distilled water; and sulphate of baryta, or sul- 
phate of lead, by the insolubility of the cerusse in boiling 
distilled vinegar. 


XLIV.—Acetate of Lead,—Plumbi Superacetas, P. L.— 
Sugar of Lead. 


_If the acetate of lead should be adulterated with acetate of 
lime or of baryta, the former may be detected by adding, to a 
very dilute solution, the oxalic acid; and the latter by sul- 
phuric acid, or solution of sulphate of soda, poured into a 
solution very largely diluted with water. Acetate of lead ought 
to dissolve entirely in water, and any thing that resists solu- 
tion may be regarded as an impurity. 


XLV.— Sub-acetate of Copper, Zara, P. L.—Ferdegris. 


This substance is scarcely ever found pure, being mixed 
with pieces of copper, grape-stalks, and other impurities. 
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The amount’ of this admixture of insoluble substances may 
be ascertained by boiling a portion of verdegris with 12 or 14 
times its weight of distilled vinegar, allowing the undissolved 
part to settle, and ascertaining its amount. Sulphate of cop- 
per may be detected by boiling the verdeeris with water, and 
evaporating the solution. Crystals of acetate of copper will 
first separate, and, when the solution has been farther con- 
centrated, the sulphate of copper will crystallize. Or, it may 
be discovered by adding, to the solution of verdegris, in dis- 
tilled vinegar, muriate of baryta, which will throw down a very 
abundant precipitate. Tartrate of copper, another adultera- 
tion sometimes met with, is discovered by dissolving a little 
of the verdegris in acetic acid, and adding acetate or muriate 
of baryta, which will afford, with the tartaric acid, a preci- 
pitate soluble in muriatic acid, 


XLVIL—Crystallized Bin-acetate of Copper;—Distilled or 
Crystallized Verdegris, 


This is prepared by dissolving common verdegris in dis- 
tilled vinegar, and crystallizing the solution. ‘These crystals 
should dissolve entirely in six times their weight of boiling | 
water, and the solution should give no precipitation with ,- 
tions of baryta; for, if these siution’ throw down a precipi- 
tate, sulphate of copper is indicated. ‘This impurity may be 
discovered by evaporating the solution very low, and separat- 
ing the crystals of acetate of copper. Farther evaporation and 
cooling will crystallize the sulphate, if any be present. 


XLVI. —Carbonate of Magnesia,—Common Magnesia,— 
Magnesice Carbonas, P. L- 


Carbonate of magnesia is most liable to adulteration with 
chalk; and, as lime forms with sulphuric acid a very insoluble 
salt, and magnesia one very readily dissolved, this acid may 
be employed in ‘detecting the fraud. ‘To a suspected portion 
of magnesia add a little sulphuric acid, diluted with eight or 
ten times its weight of water. Ifthe magnesia should entirely 
be taken up, and the solution should remain transparent, it 
may be pronounced pure, but not otherwise. Another mode 
of discoyering the deception is as fallows:—Saturate a portion 
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of the suspected’ magnesia with muriatic acid, and add a 
solution of carbonate of ammonia. If any lime be present; it 
will form an insoluble precipitate, but the magnesia will remain 
in solution. 


XLVI. —Pure Magnesia,—Magnesia, P. L.—Calcined 
" Magnesia. 


Calcined magnesia may be assayed by the same tests as the 
carbonate. It ought not to effervesce at all with dilute sul- 
phuric acid; and, if the earth and acid be put together into 
one scale of a balance, no diminution of weight should ensue on 
_ Mixing them slowly together. It should be perfectly free from 
taste, and, when digested with distilled water, the filtered 
liquor should manifest no property of lime-water. Calcined 
magnesia, however, is very seldom so pure as to be totally dis- 
solved by diluted sulphuric acid; for a small insoluble residue 
generally remains, consisting chiefly of siliceous earth, derived 
from the alkali. The solution in sulphuric acid, when largely 
diluted, ought not to afford any precipitation with oxalate of 
ammonia. 


RLIX.—Spirit of Wine, Alcohol, and ues 


The only decisive mode of ascertaining the purity of spirit 
of wine and of zthers, is by determining their specific gravity. 
Highly rectified alcohol should have the specific gravity of 
800 to 1.000; rectified spirit of wine .835: proof spirit of 
920; sulphuric ether .729; and as found in the shops under 
the name of ether rectificatus it ought not to exceed .750; 
the spiritus etheris nitrict (P. L. 1815), or sweet spirit of nitre, 
834. The ethers, when quite pure, ought not to redden the 
colour of litmus, nor ought those formed from sulphuric acid 
to give any precipitation with solutions of baryta. 


L.— Essential or Volatile Oils. 


As essential oils constitute only a very small proportion of 
the vegetables from which they are obtained, and bear gene- 
rally a very high price, there is a considerable temptation to 
adulterate them. ‘They are found sophisticated, either with 
cheaper volatile oils, with fixed oils, or with spirit of wine, 
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The fixed oils are discovered by distillation with a very gentle 
heat, which elevates the essential oils, and leaves the fixed 
ones. ‘These last may, also, be detected by moistening a little 
writing-paper with the suspected oil, and holding it before the 
fire. If the oil be entirely essential, no stain will remain on 
the paper. Alcohol, also, detects the fixed oils, because it 
only dissolves the essential ones, and the mixture becomes 
milky. The presence of cheaper essential oils is discovered 
by the smell. Alcohol, a much cheaper liquid than some of 
the most costly oils, is discovered by adding water, which, if 
alcohol be present, occasions a milkiness. Wauquelin, how- 
ever, finds that oil of bergamot may contain eight per cent. of 
alcohol of sp. gr. 0.817 without its being discoverable when 
mixed with water. He hasnoticed, also, some other pheno- 
mena attending the mutual action of those two fluids. (Ann. 
of Phil. vol. xiii, p. Ixviii.) 


LI.—Olive Oil. 


This oil is sometimes adulterated with the cheaper oils 
obtained from grains and seeds. The acid pernitrate of mer- 
cury (prepared by dissolving, in the cold, six parts of mercury 
in seven and a half of nitric acid, sp. gr. 1.36, or thereabouts) 
has the property of solidifying or congealing in a few hours 
genuine oil of olives; while it leaves the oil of grains almost 
entirely liquid, or at most produces a precipitate from them . 
more or less sparingly, according to the proportions of oils. 
that may be mixed together. Light parts of pernitrate are 
sufficient to congeal 92 parts of pure olive oil. Mixtures of 
the genuine oil with cheaper oils exhibit only a slow and 
partial coagulation. One-third of oil of grains is sufficient to 
prevent the mixture from solidifying. (Ann. de Chimie et de 

. Phys. xii. 58.) 


SECTION III. 


Application of Chemical Tests to the Uses of the Farmer and 
Country Gentleman. 


Tue benefits that might be derived from the union of. 
chemical skill with the extensive observation of agricultural 
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facts, are, perhaps, incalculable: At present, however, the 
state of knowledge among farmers is not such as to enable 
them to reap much advantage from chemical experiments; - 
and the chemist has, himself, scarcely ever opportunities of 
applying his-knowledge to practical purposes in this way.’ It 
may perhaps, however, be of use, to offer a few brief ditee- 
tions for the analysis of marls, lime-stones, &c. 


Art. I].— Lime. 


It is impossible to lay down any general rules respecting 
the fitness of lime for the purposes of agriculture; because 
much must depend on the peculiarities of Soil, exposure, and 
other circumstances, Hence a species of lime may be exe: 
tremely well adapted for one kind of land, and not for another. 
All that can be accomplished by chemical means is to ascer-’ 
tain the degree of purity of the lime, and to infer, from this, 
to what kind of soil it is best adapted. Thus a lime, which 
contains much argillaceous. earth; is better adapted than:a 
purer one to dry and gravelly soils; and stiff clayey lands 
require a lime as free as possible from the argillaceous ingre- 
dient. 

To determine the purity of lime, let a given weight be dis- 
solved in diluted muriatic acid. Let a little excess of acid be 
added, that no portion may remain undissolved owing to the 
deficiency of the solvent. Dilute with distilled water ; let the 
insoluble part, if any, subside, and the clear liquor be decanted. 
Wash the sediment with farther portions of water, and pour 
it upon a filter, previously weighed. Dry the filter and ascers. 
tain. its increase of weight, which will indicate how much 
insoluble matter the quantity of lime submitted to experiment 
contained. It is easy to judge by the external qualities of the 
insoluble portion, whether argillaceous earth abounds in its 
composition. 

‘There is one earth, however, lately found in several lime- 
stones, which is highly injurious to the vegetation of plants, 
and is not discoverable by the foregoing process, being; equally 
with lime, soluble in muriatic avid “This earth is magnesia, 
which, by direct experiments, has been ascertained to be 
extremély noxious to plants. ~The late Mr. Tennant, to 
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whom we owe this fact; was informed, that in the neighbour- 
hood of Doncaster two kinds of lime were eniployed, oné of 
which it was necessary to use very sparingly, and to spread: 
very evenly; for it was said, that a large proportion, instead 
of increasing, diminished the fertility of the soil; and that, 
whenever a heap of it was left in one spot, all fobiiliey was: 
prevented for many years. Fiity or sixty bushels on an acre 
were considered to be as much as could be used with advantage. 
The other sort of lime; which was obtained from a village 
near Ferrybridge, though considerably dearer, from the dis- 
tant carriage, was more frequently employed, On account of 
its superior utility. A large quantity was hever found to be 
injurious; and the spots which were covered with it, instead 
of being rendered barren, became remarkably fertile. Om 
examining the composition of these two species of lime, the 
fertilising. one’ proved: to consist entirely of calcareous earth, 
and the noxious one of three parts lime and two magnesia, 

‘The presence of magnesia in lime proved, on Giuslree'? inves= 
tigation, to be a very common occurrence. The magnesian 
lime-stone appears to extend for 30 or 40 miles from a little 
south-west of Worksop, in Nottinghamshire, to near Ferry 
bridge, in Yorkshire, and it has also been found at Breedony: 
and Matlock, in Derbyshire, and in various other parts of 
England.* 

The magnesian lime-stone, booting to Mr. ET canis 
may easily be distinguished from that wehiels is purely calca+. 
reous, by the slowness of its solution in acids, which is so 
considerable, that even the softest kind of the former is much 
longer in dissolving than marble; it has also frequently a 
crystallized structure; and sometimes; though not aliways,. 
small black dots may be seen ‘dispersed through it. In the: 
countries where this lime-stone is found, the lime is generally 
distinguished, from its effects in agriculture, by the farmers, 
as hot lime, in opposition to the purély calcareous, which 
they term mld. 

To ascertain, by chemical méans, the composition of a 
lime or lime-stone suspected to contain magnesia, the follow- 
ing is the easiest, though not the most accurate, process. 


RA Sad: 


* See Phillips’s Geology of England and Wales, page 30. 
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Procure a Florence flask, clean it well from oil by a little soap- 
lees or salt of tartar and quicklime mixed, and break it off, 
about the middle of the body, by setting fire to a string tied 
round it and moistened with oil of turpentine. Into the 
bottom part of this flask put 100 grains of the lime or lime- 
stone, and pour on it, by degrees, half an ounce of strong 
sulphuric acid. On each affusion of acid a violent efferves- 
cence will ensue; when this ceases, stir the acid and lime 
together with a small glass tube, or rod, and place the flask 
in an iron pan, filled with sand. Set it over the fire, and’ 
continue the heat till the mass is quite dry. Scrape off the 
dry mass, weigh it, and put it into a wine glass, which may 
be filled up with water. Stir the mixture, and when it has 
stood half an hour, pour the whole on a filtering-paper, 
placed on a funnel, and previously weighed. Wash the 
insoluble part with water, as it. lies on the filters and add the 
washings to the filtered liquor. To this liquor add a solution: 
of half an ounce of salt of tartar in water, when, if magnesia be 
present, avery copious white sediment will ensue; if lime only, 
merely aslight milkiness. Inthe former case, heat the liquor 
by setting it in a tea-cup near the fire; let the sediment sub- 
side; pour off the clear liquor, which may be thrown away, 
and wash the white powder repeatedly with warm water.: 
Then pour it on a filter of paper, the weight of which is 
known, dry it and weigh. ‘The result, if the lime-stone has 
been submitted to experiment, shows how much carbonate of 
magnesia was contained in the original stone, or, deducting 
60 per cent., how much pure magnesia 100 parts of the lime- 
stone contained. If the burnt lime has been used, deduct 
from the weight of the precipitate 60 per cent. and the re- 
mainder will give the weight of the magnesia in each 100 
grains of the burnt lime. 


Arr. I].—Analysis of Marls. 


The ingredient of marls, on which their fitness for agricul- 
tural purposes depends, is the carbonate of lime. It is owing 
to the presence of this earth that marls effervesce on the addi- 
tion of acids, which is one of their distinguishing characters.. 
In ascertaining whether an effervescence takes place, let the 
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marl be put into a glass, partly filled with water, which will 
expel a portion of air contained mechanically in the marl, and 
thus obviate one source of fallacy. When the marl is 
thoroughly penetrated by the water, add a little muriatic acid, 
or spirit of salt. If a discharge of air should ensue, the 
marly nature of the earth is sufficiently established. 

To find the composition of a marl, pour a few ounces of 
diluted muriatic acid into a Florence flask, place them in a 
scale, and let them be balanced. ‘Then reduce a few ounces 
of dry marl into powder, and let this powder be carefully and 
gradually thrown into the flask, until, after repeated additions, 
no farther effervescence is perceived. Let the remainder of 
the powdered marl be weighed, by which the quantity pro- 
jected will be known. Let the balance be then restored. 
The difference of weight between the quantity projected and 
that requisite to restore the balance, will show the weight of 
air lost during effervescence. If the loss amount to 13 per 
cent. of the quantity of marl projected, or from 13 to 32 per 
cent., the marl assayed is calcareous mar], or marl rich in cal- 
careous earth. 

_ Clayey marls, or those in which the argillaceous ingredient 
prevails, lose only 8 or 10 per cent. of their weight by this 
treatment, and sandy marls about the same proportion. ‘The 
presence of much argillaceous earth may be judged by drying 
the marl, after, being washed with spirit of salt, when it will 
harden and form, a brick. 

To determine, with still greater precision, the quantity of 
calcareous earth in a marl, let the solution in muriatic acid be 
filtered, and mixed with a solution of carbonate of potassa, 
till no farther precipitation appears. Let the sediment subside, 
wash it well with water, lay it on a filter, previously weighed, 
and dry it. The weight of the dry mass will show how much 
carbonate of lime the quantity of marl submitted to experi- 
ment contained. 


Art. [11.— Analysis of Soils. 


Instructions respecting the analysis of soils, adapted to 
popular use, may be found in Sir H. Davy’s Elements of 
Agricultural Chemistry. Their length only prevents me from 

VOL. Il. 2s 
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inserting them.in this place; but this is of the less import- 
ance, as they form part of a work which ought to be in the 
hands of all persons, who attempt to practise agriculture on 
fixed and scientific principles.. An example,, also, of the 
analysis of a soil by Berthier may be found in the Ann. de 
Chim. et de Phys. XXI1V. 89. ; 


APPENDIX, 


_ VARIOUS USEFUL TABLES. 


CORRESPONDENCE BETWEEN ENGLISH AND FOREIGN 
WEIGHTS AND MEASURES.* 


oe 
I.—English Weights and Measures. 
Troy Weight. 


Pound. Ounces. Drms. Scruples. Grains. | Grammes. 


loess) 12. 5:96 = 288 = 5760 = 372.96 
I = Sse 24." 480 i= 51.08 

Pat pee 60) 3.835 

Log 20 := 1.295 


pos ae 0.06475 


Avoirdupois Weight 


Pound. Ounces. Drms. Grains. _ Grammes. 
1 = 16 =.256 = 7000. = 453.25 
ad, SO GRE Ate es See 
: 27.34375 = 1.7705 
Measures. 

Gal. Pints. Ounces. Drms. Cub. Inch. Litres. 
OVEN Mp ie ee Se TOs SOL. | St ST OOLO 
LoS. 16) =) 198 "26.510. "se U4 7800 
1s ce 1.8047 = 0.02957 
= 0.2256 = 0.00396 


N. B.—The English ale-gallon contains 282 cubical inches ; 
or rather, according to the report of the Commissioners 


* For the most complete and authentic account of the correspondence 
between English and foreign weights and measures, the reader is referred 
to the last edition of Dr. Kelly’s Universal Cambist. oe 

* 28.2 
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appointed to consider the subject of weights and measures, 
277.8 cubic inches, the cubic inch being found to weigh 
252.72 parliamentary grains of water at 62°. Hence the 
weight of one gallon of water at 62° Faht. is 10 pounds 
avoirdupois. (Quarterly Journal, xi. 378.) ‘The wine pint 
is equivalent to 7272 grains troy of water at 62° Faht. or 
28.875 cubical inches. 

The new Imperial Gallon is one fifth more than the wine 
gallon (30 Imp. = 36 Wine) and one sixtieth less than the | 
Ale Gallon (30 Ale = 314 Imp.) 


I1.— German.. 


71 lbs. or grs. English troy...... = 74 lbs. or grs. German 
apothecaries weight. 

1 oz. Nuremberg, medic. weight... = 7dr.2sc.9 gr. English. 

1 mark Cologne .......+e+e++. = 702.2 dwt. 4 gr. Eng- 
lish troy. 


IlI.—Dutch. 


1 lb. Dutch = — 1 lb. 3 oz. 16 dwt. 7 gr. English troy. 
7874, lbs. Dutch = 1038 lbs. English troy. 


IV.—Swedish Weights and Measures, used by Bergman and 
Scheele. 


The Swedish pound, which is divided like the English 
apothecary, or troy, pound, weighs 6556 grs. troy. 

The kanne of pure water, according to Bergman, weighs 
42250 Swedish grains, and occupies 100 Swedish cutial 
inches. Hence the kanne of pure water weighs 48088.719444 
English troy grains, or is equal to 189.9413 English cubic 
inches; and the Swedish longitudinal gh is equal to 1.238435 
English longitudinal inches. 

From these data, the following rules are deduced: 

1. To reduce Swedish longitudinal inches to English, mul- 
-_tiply by 1.2384, or divide by 0.8074’. 

2. To reduce Swedish to English cubical inches, multiply 
ce 1.9, or divide by 0.5265. 3 

. To reduce the Swedish pound, ounce, PRT scruple, 
or erst to the corresponding English troy denomination, 
multiply by 1.1382, or divide by .8786. 


a 
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4. To reduce the Swedish kannes to English wine pints, 
sla by .1520207, or divide by 6.57805. 

. To reduce Swedish kannes to English wine gallons, 
seep: by .82225, or divide by 1.216. 

6. The lod, a weight sometimes used by Beroman, is the 
32d part of the common Swedish pound of 16 oz. and the 
24th part of the pound of 12 0z. ‘Therefore to reduce it to 
the English troy pound, multiply by .03557, or divide Py 
28.1156. 


V.—Correspondence of English Weights and Measures with 


those used in France previously to 1795. 


§ I.—WEIGHTS. 


' The Paris pound, poids de marc of Charlemagne, contains 
9216 Paris grains; it is divided into 16 ounces, each ounce 
into 8 gros, and each gros into 72 grains. It is equal to 7561 
English troy grains. 

T he English troy pound of 12 ounces contains 5760 Eng- 
lish troy, grains, and is equal to 7021 Paris grains. 

The English avoirdupois pound of 16 ounces contains 7000 
English troy grains, and is equal to 8532.5 Paris grains. 
To Pradiiee Paris grains to English troy grains, 


divide by..... Soden tees igen e & bevtess ieiere Ra 
To reduce English troy grains to Paris bead meres 
mauiftiply laste esis Ss Saget ciem oh haeaeuas 
To reduce Paris ounces to English troy, divide 
Aa. seni « ves RURMUN Viaicle a eubht oxen ih aes 
To reduce English troy ounces to Paris, mul- Lageap hy 
UAE GD Wedgie kh Minne wR whats eUREATY 


Or the conversion may be made by means of the following 
tables. 


1.—To reduce Lrench to English Troy Weig ht. 


The Paris Pound = 7561. 
The ounce = 172.5025 | 
The gros = 


59.0703 { English troy grains. 


The grain 8204 


I 
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2.—To reduce English Troy to Paris Weight. 


The English troy pound a 5 Ooh a 
TZ GUNCES oe a neve RES 43 
The troy ounce......... : 3°" 585,0833 
The dram of 60 grains .. = 73.1354 me) 
The penny weight or de- MeN castes 
$B tee oO ge ; 29.2541 | 
- ner of 24 grains ...... 
The'scruple of 20 grains... = 24.3784 
PHO SPAM oi. oe Hale ee OR 1.2189 J 


3.—To reduce English Avoirdupois to Paris Weight. 


Theavoirdupois pound of 16Y _ ergg. 
ounces, or 7000 troy grains Paris grs. 
ue. ORTICE ices se ele. 6 48 os eeu 


§ 11.—LONG AND CUBICAL MEASURES. 
To reduce Paris running feet, or inches, into >. 


English, multiply 3 ee ie Ok whee mace 

English running feet, or inches, cna Paris, 1.065977 
CIVIde DY) ire asaty nts edn Sakis iatita. a Wacsia ; 

To. reduce Paris cubic feet, or inches, to’ 

" English, multiply by ...... ag gage 

English cubic feet, or inches, to Paris, ated di 
EVE UWS. «s/h Wied da) a: eceta aia Oe et He whine 


Or by means of the following tables: 


: 
4.—To reduce Paris Long Measure to English. 
The French toise = 6.3945 English feet. _ 

The Paris royal footof12inches = 12.7977 


ne icy ee oak = 1.0664 
The line, or 1-12th of an inch = —_.0888 English inches. 
The t-12th of aline........= 0074 

5.—To reduce English Long Measure to French. 
The English foot .......... = 11.2596 
PPE inn ey ee ee ak de AP bak Ke | 
The 1-8th of an inch ...... =  .1173 }Paris inches. 
The'y-1otir 7 oss. de ee = 0938 | 


The d48th. 2700), Kee 89804 
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6.—To reduce French, Cube Measure to English. 
The Paris cube _ 1 oiz078 \ Enalish ( o09s.088884 
Cubical 


foot | eka he in. 
1.211378 Jj 


The cubic inch = .000700J) feet, or 


7.—To reduce English Cube Measure to French.* 


The English cube foot, or 

1728 cubical inches } sg anata NF French cubical 
The cubical inch -..... = .8260 inches. 
The cube tenth........ = .0008 |} 


§ 11I.—MEASURE OF CAPACITY. 

The Paris pint contains 58.145*+ English cubical inches, and 
the English wine pint contains 28.875 cubical inches; or the 
Paris pint contains 2.0171082 English pints, and the English 
pint contains .49617 Paris pints ; ‘hates 

To reduce the Paris pint to the English, 

PRECIDUMOY ot a dis oes e's te ee EE 

To reduce the English pint to the Paris, 

vinegar is ewok ess ies aw ah thes 

The septier of Paris is 7736 French, or 9370.45 English, 
cubical inches; and the muid is 92832 French, or 112445.4 
English cubical inches. 


2.0171082 


* To convert the weight of a French cubic foot, of any particular sub- 
stance, giv en in French grains, into the corresponding weight of an English ~ 
cubic foot in English troy grains, multiply the French grains by 0,6773181, 
and the product is the number of English troy grains contained in an English 
cubic foot of the same substance. 

+ It is said by Belidor, Arclut. Hydraul. to contain 31 02. 64 grs. of 
water, which makes it 58.075 English inches ;, but, as thereis considerable 
uncertainty in the determinations of the weight of the French cubical mea- 
sure of water, owing to the uncertainty of the standards made use of, it is 

. \ better to abide by Mr. Everard’s measure, which was made by the Exche- 
quer standards, and by the proportions of the English and French foot, as 
established by the French Academy and Royal Society. 

According to Beaumé, the Paris pint contains $32 French ounces of water, 
at the temperature of 54°.5 Fahrenheit ; which would make it equal to 
59.729 English cubical inches. 
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a ae showing the Compari ison peice French and English _ 
Grains. - (Poid de Mare.) | 


French grs. = English grs, English grs. = French grs. 
¥ J 0.8203 1 1.2189 
me) 1.6407 2 2.4378 
3 2.4611 3 3.6568 | 
4 | 3.2815 4 4.8757 
5 4.1019 5 6.0947. 
6 4.9293 6:| 7.8136 
7 5.7427 f | 8.5325 
8 6.5631 8 9.7515 
9 7.3835 9 | 10.9704 
10 8.203 10 12.189 
20 16.407 20 24.378 
30 24.611 50 36.568 | 
4,0 32.815 40 48.757 
50 41.019 50 60.947 
60 | 49.223 60 73.136 
70 57.427 70 85.325 
80 65.631 S10) 97.515 
90 73.835 90 | 109.704 
100 82.03 100 121.89 
200 164.07 200 943.78 | 
300 246.11 300 $65.68 . 
4.00 328.15 4.00 487.57 
500 | 410.19 500 609.47 
600 | 492.23 600 731.36 
700 | 574.27 700 853.25 
800 656.31 800 | 975.15 
- 900 738.35 | 900 | 1097.04 
1000 820.3 1000 1218.9. 
2000 | 1640.7. 2000 9437.8 
3000 2461.1 3000 $656.8 
4.000 3281.5 4.000 4875.7 
5000 4101.9 5000 | 6094.7 
6000 4922.3 6000 7313.6 
7000 BTA2.7 | 09 8532.5 
8000 6563.1 8000 9751.5. 
9000 | 7383.5 9000 | 10970.4. 
* 10,000 [| 8203.0 10,000 | -12189.0 


* Per Farey (Nicholson’s Journal, xxii. 338), 1 grain French = 0.8204 
English ; 10,000 ditto = 8204 ditto. 
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Table showing the Comparison between French and English 
Cubical Inches, the latier being equivalent to 252.75 grains of 
water at 62° Faht. 


Cubic Inches. ] “Cubic Inches. 
French, = English. English, = French, 
1 1.2136 ieee tl . Obese 
Bil 2.4272 2 1.6479 
3| ° 3.6408 oats 2.4719 
4| 4.8544 4, 3.2958 
5 6.0681 Bes: oc SubivetuhskOs 
6 7.2817 «6 | 4.9438 
7 8.4953 | 7 5.7677 
8 9.7089 8 6.5917 
9] 10.9225 |. 9| 7.4157 
10 12.136 10 | 8.239 
20 24.272 20 16.479 | 
30 36.408 30 24.719 
4.0 48.544 : 40 32.958 
50|{ 60.681 50 | 41.198 
60 72.817 60] 49.438 
70 84.953 | 7 57.677 
80 97.089 80 65.917 
SO | 109.225 90 |. 74,157 
100 | 121.36 100], 82.39 
200 942.72 200 164.79 
300 364.08 300 | 247.19 
400 | 485.44: . 4.00 329.58 
500 | 606.81 —  §00! 411.98 
600 | 728.17 600 | 494.38 
700 849.53 700 | 576.77 
800.| 970.89 800 659.17 
900 | 1092.25 900 741.57 
1000 1213.6 1000 823.9 
2000 2427.2 2000} 1647.9 
$060 3640.8 3000 2471.9 
4.000 4854.4 | | 4.000 3295.8 
5000 | 6068.1 5000 | 4119.8 
6000 7281.7 6000 | 4943.8 | 
7000 8495.3 | ~ 7000 | 5767.7 
8000 9708.9 J 8000 6591.7 
9000 | 10922.5 7415.7 


-12136.0 8239.0 
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New French Weights and Measures ye by 
“Dr, Duncan, jun.) 


1.— Measures of Length; the Metre being at 32°, 
and the Foot at 62°. 


' English Inches. 

Millimetre = 03937 

Centimetre = 9371 

Decimetre = 8.93710 | 

Metre * J 89.37100. - Mil. Fur. Yds. Feet. In. 
Decametre = 398.71000 = 0° 0 10 2 9.7 
Hecatometre. =  $937.10000 = 0 0 hoo 1,14 
Kilometre | = 39371.00000 = \0 4 (213 1 102 
Myriometre = 393710.00000 = 6 1 156 0 6G. 

2.—Measures of Capacity. 

| Cubic inches. 

Millilitre = .06168 

Centilitre io .61028 English. 

Decilitre Fn 6.10280 Tons. Hogs. Wine G. Pints. 
Litre = 61.02800 -=— Gn 0 20.25,. 2.1188) 
Decalitre = 610.28000 = 0 0 2. 5.1352 

Hecatolitre = 6102.80000 = 0 0 26.419 

Kilolitre = 61028.00000 = 1 °0 12.19 
Myriolitre = 610280.00000 = 10 1 58.9 

3.—Measures of Weight. 
: English Grains. : 

Milligramme = 0154 

Centigramme = L544 

Decigramme = | 1.5444 Avoirdupois. 

Gramme os 15.4440 Poun. Oun. Dram. 
Decagramme = 154.4402 = 01... 0.006165 
_Heeatogramme = 15444023 = 0’ 3 85 
Kitedratrne Se) 1 64AA OF S45) se Oy ees 

Myriogramme = 164440.2344 = 22 1 2 


* Determined by Captain Kater to be 39.37079 inches. (Phil. Trans. 
1818, p.109.) Inthe Report of the Commissioners appointed to considet 
the subject of Weights and Measures, the length of a pendulum, ' supposed 
to vibrate seconds in London, on the level of the sea, at 62° Fahrenheit, is 


$9.1393 inches. (Quart. Journ. xi, $78.) 


SPECIFIC GRAVITIES. 635 
Specific Gravities of Solid and Liquid Substances.* 
Specific Specific 
GEMS. iis STONES, &c. eh 
Diamond, white ori- | Jasper brown.......| 2.6911 
ental’, fs. 00s 4 4.501 3i6212 || Granite, Eoyptian.. | 2.6541 
Topaz, oriental...... 4.0106 || Rock-crystal........ 2.6530 
Sapphire, oriental....| 3.9941 || Chalcedony, bright . . 2.6640 
Garnet, Bohemian. ..|4.1888 || Carrara marble......| 2.7168 
Beryl, oriental......|3.5489 || Alabaster, CNS - | 2.7302 
Hyacinth, common. .| 3.6873 || Carnelian..........| 2.6137 
Emerald, from Peru.|2.7755 || Slate, common, for 
~ Crysolithe, from Bra- TOs soe an . heave el 2O0ap 
SU ot. oe Sat KE RPRGOZS Flint 4%. 6a bal P2947 
Amethyst, oriental. . .| 2.651 Agate, oriental. .....| 2.5901 
Ruby, oriental . .| 4.2833 || Portland-stone...... 2.533 
Serpentine, green, Ita-| 
webs on ona i ee . »| 2.4295 
Ponderous spar...... 4.4300 || Opal, noblessscaeees| 2144 
Porphyty ... sits 2.7651 || Pumice-stone....... 0.9145 
SALTS 
Hassen- Ridvda: Muschen- Nawron: 
fratz broeck. ar 
Potassa. «sss. sean) d.(085 | 4.6215. 
Lime..... ae eae sate 1.5233 | 2.3908 | 2.3700 
Magnesia ......+...| 0.3460 | 2.3298 “ 
) Ait ee 0.8200 | 2.0000 
BIEL tan ogee Aen acs 2.3740 | 4.0000 
Sulphate of potassa .. 2.4073 | 2.636 2.398 
alumina..| 1.7109 1.7260 | 1.714 
os zinc. , UODEEOLAO | 1.9 1.712 
———iron....| 1.8399 1.88 
copper ..{ 2.1943 | 2.23 
Nitrate of potassa. . 1.9369 | 1.933 1.901 1.900 
Muriate of soda..... 2.2001 9.0835 | 2.143 
Acetate of lead..... .| 2.8450 23953 
Supertart. of potassa.| 1.9153 1.8745 
Sub-borate of soda..| 1.7230 1.7170 | 1.714 
Carbonate of potassa| 2.0120 2.749 
soda.. 1.3591 | 1.421 
ammonia| 0.9660 |.1.8245 | 1.5026 


a 
’ *® For the specific gravities of the metals, see Table of the Qualities of 
Metals, near the close of this Appendix, 
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Table of Specific Gravities of Solid and ‘Liquid 


Substances. — Continued. 


* Per Chaussier 0.7980, 


GLASSES AND VITRIEI-| Specific SREGRE 
CATIONS. - Grav. || sprrrTUOUS LIQUIDS. aa" 
Green bottle-glass ...| 2.7325)| Brandy ........+...| 0.8371 
French crystal-glass..| 2.8922 || Alcohol* .. .......| 0.8293 
French mirror-glass, | Nitric ether ........| 0.9088 
from St. Gobin....| 2.4882|| Acetic ether........| 0.8664 
English flint glass... .| 3.3203|| Sulphuric ethert....| 0.7396 
China porcelain..... | 2.3847 Muriatic ether......| 0.7296 
INFLAMMABLES. ETHEREAL OILS. 
Roll-sulphur........{| 1.9907 || Oil of cinnamon ....| 1.0439 
Phosphorus ........| 1.714 || Oil of cloves........| 1.0363 
Pit-coal...........++| 1.3292|| Oil of lavender......} 0.8938 
Amber ............] 1.0780|| Spirit of turpentine. .| 0.8697 
Heaviest charcoal....| 0.441 , ; 
Mineral naphtha... .| 0.708 sensed oes | 
-Camphor ..........] 0.9887|| Linseed oil.........| 0.9403 
Liquid ammonia ....| 0.8970|| Poppy oil......... .| 0.9288 
: Oil of sweet almonds. 0.9170 
‘dann enna Olive oil...........| 0.9153 
Distilled water......| 1.0000 
Sea Water... sss chen LOgOslc a eee 
Water from. the As- Asses’ milk. ....0¢..| 1.0355 
pphaltic Sea ois. 2 51.2808 Cows’ milk..... eee'e} 1. 0S2m 
Human milk......../ 1.0203 
wt Human urine......./ 1.0106 
Sulphuric acid of com- 
ihe at J we+ees| 1.8500|| ANIMAL FATS, &c. 
Sulphuric acid, real. .| 2.12 . 
Nitrie heidac seca (sap albeeege SUT SI nob 
Muriatic acid....... 1.1940 tec OR on apse ohio 
Cuoniioted  arotic ae ai 6 & Mintel saws 0.9419 
Bean ee LOE: ..1 1.0626 || & utton suet.......- 0.9235 
Drain ‘ory ee 2 oe «| 0.9285 
SPIRITUOUS LIQUIDS. acid 1800; s <iuidd »:| 0.9568 
. . VOLY .sevcccvcevves| 1.825 
cae. Pure é a ek Bees’ wax...s+e0es-| 0.9648 
Brown beer......../ 1.0338} ~ 
Burgundy wine....../ 0.9915 aig 
Champagne wine....| 0.962 || Common gum ......| 1.4817 


t Per Lovitz 0.6320, 
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Table of Specific Gravities of Solid and Liquid 


Subst ances.— Continued. 


: Specific | Specific 
GUMS. Gravity. || WOODS. Gravity. 
Gum Arabic ......} 1:4523 || Lignum guaiacum...] 1.3330 
Gum tragacanth....} 1.3161 Box wood, Dutch...} 1.3280 
French . box wood...| 0.912 
GUM RESINS.: Ebony o eeiih- aAiis 1.2090 
Assafcetida.........| 1.3275 || Heart of old oak....| 1.1700 
Scammonium, from || Mahogany ,.......| 1.068 
Smyrna ........| 1.2743 || Olive tree.........| 0.9270 


Galbanum ........| 1.2120}| Mulberry tree, Sp 
TMshis 4 fe as 
Beech: tree’. 4.0% 
1.2289 || Yew tree, Spanish . . 
1.2185 || Apple tree. ........ 
1.207F |) Plum itree=. 4/0045 
1.0924 |} Maple tree ........ 
1.0920 || Cherry tree........ 
1.0819 || Quince tree........ 
1.0441 || Orange tree........ 
1.0742 || Walnut tree........ 
1.0452) Pear tree wind canes 
0.9335 || Cypress, Spanish. . 
Pine trees «sia a 
White Spanish pop- 
1,3795 ||"? dak thee cae bese. 
1.9366) Cork.” j. 6... Gs kes 


-0.8970 

- 0.8520 
0.8070 ° 
0.7930 
0.7850 
0.7550 
0.7150 
0.7050 
0.7050 
0.6710 
0.6610 
0.6440 
0.5500 


RESINS. 
Gualacum .....e0% 


JSlADG sates 2: tiowates 
Ammoniacum...... 
Benzo) ces seca} 
SAndavaci. ks. + Sits ea 
White resin ...... 
Colophony ........ 
Hiastich*< i ie; Agen 
Copal, transparent.. 
Elastic’ résin’.;.... 


INSPISSATED JUICES. 


Aloe, succotrina..... 
OG ti ecen Catt 


0.5294 
0.2400 
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Table for reducing ihe Degrees of Baume s Eh ydrometer to the 
~ Common Standard. 


* 


Baumé’s Hydrometer for Liquids lighter than Water. ° 
Temperature 55° Fahrenheit, or 10° Reaumur, 


Deg. Sp. Gr, | Deg.. Sp. Gr. | Deg. Sp. Gr, tex Sp. Gr, 

10...-1.000 |.18.... .942 | 26.... .892 BA... 47 
Vhya'd. £990. | 19...6 6739088)! 27... . .886 | 35... 842 
1D. .985'| 20. 044998! | 26.8. 1880] 36... 09.887 
Wawe't o..977 21 eee nGR? 29... oo SRR BT eee 
1400.6.5.9705| 22 e008 69S) | SOV2.4 867 4438.4 5005827 
15.02 60i59G8 188. oes hOOB.) BE iv. 861.4: 39.9 se22 
aie e956 24. G3 1 820... 1.856) 405.6. 817 
Siete ds. 9491 25 east ROT 133 00.852" 


Baumé’s Hydrometer for Liquids heavier than Water. 
¢ % 
Temperature 55° Fahrenheit, or 10° Reaumur. 


Deg. Sp. Gr. | Deg. Sp. Gr. | Deg. Sp. Gr. | Deg. Sp. Gr. 
Pee OOO TT SVs. clel 7c) aie op ep dete | CS wn wn bet liayy 
"BS. 4.020) 2400, 1.200.) 45 .5-.1.455 | 66... 4) a8 
6\..'5 1,040") 27... 21.290 1:48 ...,1.5500 | 69... 120 
Oo OG | SON st COk Luo hiss sn lsOLt: | (aie ne ey 

TOS ce hs OOF | Oo. os che SUR | OM a0 a ek pOOd 

1540's E114} 36... 26999.) 57s.. ..15659 

16 ow cicak B40 | 09 bei het to | OO seralbt ls 


ADMEASUREMENT AND EFFECTS OF HEAT. 


1.—Correspondence between different Thermometers. 


FAHRENHEIT’s thermometer is universally used in this 
kingdom. In this instrument the range between the freezing 
and boiling points of water is divided into 180°; and as the 
greatest possible degree of cold was supposed to be that pro- 
duced by mixing snow and muriate of Aaa, it was made the 
zero. Hence the freezing point became 32 °, and the boiling 
point 212°. | . 


CORRESPONDENCE OF THERMOMETERS. 639 


The Centigrade thermometer places the zero at the freezing 
point, and divides the range between it and the boiling point 
into 100°. This has lan been used in Sweden under the 
title of Celsius’s thermometer. 

Reaumur’s thermometer, which was formerly used i in France, 
divides the space between the freezing and boiling of water 
into 80°, and places the zero at the freezing point. 

Wedgwood’s pyrometer is only intended to measure very 
high temperatures. Its zero corresponds with 1077° of Fah- 
reshall s, and each degree of Wedgwood is equal to age of 
Fahrenheit. 

De Lisle’s thermometer is used in Hinteth: The graduation 
begins at the boiling point, and increases towards the freezing. 
point. The bliin point is marked 0, and the freezing 
point 150°. 


Therefore 180° F. = 100° C.. = 60° R. = 150° D. = Ww. 


1. To reduce centigrade degrees to those of Falieheis, 
multiply by 9 and divide by 5, aiid to the quotient add 32, 


‘ 9 sf He : 
that is, : : + 32 =F. Another rule is given vol. i. p. 98, 


note. 
19 : F,— 22 x 5 
2. To reduce Fahrenheit’s degrees to centigrade, —_,;—— 
1 = Gy , . 
3. To reduce Reaumur’s to Fahrenheit’s, we have the fol- 
° KR. «9 
lowing formula, a7 + 82 = F, 
: F.— 32 x 4 
4, To convert Fahrenheit to Reaumur, —-~— = R. 


5. To reduce De Lisle’s degrees under the boiling point, 
D. x 6 
we have F. = 212 — = To. reduce thove aboye the 


boiling point, ’. = 212 + Pei naen 


6. And, inversely, to aie nari degrees to De | 


060 — 5 FB, 
Lisle’s, under the boiling point, —— : = D.; above the 


¥F. x 5 — 1060 
boiling point, a7 =D. 


7 ae Wh: a WwW edgwood’s degrees to those of Fahrenheit, 
we have W. 30 + 1077 = E. 


8. te a to reduce Fahrenheit to Wedgwood = 
ae We : ; 


hed 
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Table of the principal Effects of Heat. 


1.—Freezing Points of Liquids. 
Fahrenheit. 
— 55. | Strongest nitric acid freezes (Cavendish) 
— 46 | A®ther and liquid. ammonia 
—° 45.5| Nitric acid, specific gravity, 1.424 
— 45 | Sulphuric acid, specific gravity, 1.6415 
 — 39 Mercury 
— 36 | Sulpharic acid (Thomson) 
— 30 | Nitric acid, specific gravity, 1.407 
— 22 | Acetons acid 
— 11 | 2Zalcohol, 1 water 
— 7 | Brandy 
+ 1 | Strongest sulphuric acid (Cavendish ) 
4 | Common salt 1 part, water 3 parts 
7 Common salt 1, water 4 
8 | Sal ammoniac 1, water 4 
16 | Oil of turpentine (Macqursy, 
20 | Strong wines 
23 | Fluoric acid 
Oils bergamot and cinnamon 
25 | Human ‘blood 
28 | Vinegar 
30 | Milk” 
32 | Water 
86 | Olive oil 
42 | Sulphuric acid, specific gravity, 1.741 
46 | Sulphuric acid, specific gravity, 1.78 (Keiry:, 
50 | Strong acetic acid 
64 ik of aniseeds, 50 (Thomson) 


gq. — Melting Points of Solids. 


40. | Equal parts of sulphur and BapEp Ber us 
~82 | Adipocire of muscle | 
97 | Lard (Nicholson) 
90 | Phosphorus 
104 | Resin of bile 
109 | Myrtle wax (Cadet) 
| Stearin from hog’s lard 
112 | Spermaceti (Bostock) 
127 | Tallow (Nicholson) 92 (Thomson) 
149 | Bees’ wax. 
145 | Ambergris (La Grange) 
150 | Potassium 
155 | Bleached wax (Nicholson) 


7 al * 


Fahren, Wedg. 


VOL. Il, 
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Sodium — | 
Bismuth 5 parts, tin 3, lead 2 
Sulphur (Dr. Thomson) 


| Sulphur (Hope) 212 (Fourc.) 185 (Kirw.) 


Adipocire of biliary calculi (Fourcroy) 
Tin and bismuth, equal pafts | 
Camphor + 
Tin 3, lead 2, or tin 2, bismuth 1 

Tin (Chrichton) 413 (Irvine) 

Tin 1, lead 4 


| Bismuth (Irvine) | 


Lead (Chrichton) 594 (Irv.) 540 (Newton) 

Zinc (Davy) 698 (Brogniart) | 

Antimony 

Brass 

Copper 

Silver. 

Gold 

Cobalt 

Nickel 

Soft nails 

Iron 

Manganese 

Platinum, tungsten, molybdena, uranium, 
titanium, &c. 


 3.—Solids and Liquids volatilized. 


Ether boils 394 

Bisulphuret of carbon boils 

Liquid ammonia boils 

Camphor sublimes (Venturi) 

Sulphur evaporates (Kirwan) 

Alcohol boils, 174 (Black) 173 (sp. gr. .800) 

Water and most essential oils boil — 

Phosphorus distils (Pelletier) 

Water saturated with common salt boils 

Muriate of lime boils (Dalton) 

Nitrous acid boils 

Nitric acid boils 

White arsenic sublimes 

Oil of turpentine boils (Ure) 

Metallic arsenic sublimes 

Phosphorus boils: 

Sulphur boils. 

Sulphuric acid boils (Dalton) 546 (Black) 

Linseed oil boils, sulphur sublimes (Davy) 
2T 


642 


Fahren. 


660 


1207 
1337 
1857 
2897 


6277 
8487 
10177 
12257 
13207 


£4337 | 


14727 
15637 
15897 
16007 
16807 
17327 
20577 


25127 | 


Wedg. 


alt 


- 
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Mercury boils (Dalton) 644 (Secondat) 
600 (Black) 672 (Irv.) 656 (Petit & Dulong) 


4,—-Miscellaneous Effects of Heat. 


Greatest cold produced by Mr. Walker 

Natural cold observed at Hudson’s Bay 

Observed on the surface of the snow at Glas- 
gow, 1780 ) 

At Glasgow, 1780 

Equal parts snow and salt (or 3, or éven 7, 
below 0°) | 

Phosphorus burns slowly 

Vinous fermentation begins 

to 135, Animal putrefaction 

to 80, Summer heat in this climate 

Vinous fermentation rapid, acetous begins 

Phosphorus burns in oxy gen, 104 (Gottling) 

Acetification ceases 

to 100, Animal temperature 

Feverish heat j 

Phosphorus burns vividly. (Fourcroy) 148 
(Thomson) | 

Albumen coagulates, 156 (Black) 

Sulphur burns slowly 

Lowest heat of ignition of iron in the dark 


| Hydrogen burns, 1000 (‘Thomson) 


Charcoal burns (Thomson) 
Iron red in twilight (1035 ie 
Iron red in day light - 


+ 2 |. Azotic gas burns 


6 
14 


40 
o7 
70 
86 
94 
102 
105 
112 
114 
121 
124 
125 
150 
185 


“Enamel colours burned 

Diamond burns (M‘Kenzie) 30 W. = 5000 F. 
(Morveau) 

Delft ware fired 

Working heat of plate glass 

Flint glass furnace , 

Cream-coloured ware fired 

Worcester china vitrified 

Stone ware fired 

Chelsea china fired 

Derby china fired 

Flint glass furnace greatest heat 

Bow china vitrified 

Plate glass greatest heat 

Smith’s forge 

Hessian crucible fused 

Greatest heat observed 
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Elasticity of Aqueous Vapour below 32° according to Dalton. 


OE eat gs | 4 Bf gies g] 6. 
a | mes ey ty sat es S| mee | ae 
—40°| 0.013 5°| 0.076 || 14°} 0.104 || 23°} 0.144 
~30 | 0.020 6| 0.079 || 15 | 0.108 || 24} 0.150 
—20 | 0.030 71 0.082 || 16 | O.112 || 25] 0.156 
-10 | 0.04% S| 0.085 7/1 0.116 || 26] 0.162 
0} 0.064 91 0.087 || 18 | 0.120: || 27} 0.168 
1 | 0.066 || 10] 0.090 || 19} 0.124 || 28 | 0.174 
2/1 0.068 || 11 | 0.093 || 20 | 0.129 || 29} 0.180 
31 0.071 || 12! 0.096 || 21 | 0.234 || 30} 0.186 
4| 0.074 || 13 | 0.100 || 22} 0.139 || $1 | 0.193 


Table of the Force of Aqueous Vapour above 32° Fahrenheit. 


(From Dr. Thomson’s Chemistry, 6th edition, i. 61.)* 


Force of vapour in inches of mercury. 


Tempe- ‘ 
rature. |Robison.| Dalton. 


Ure. 


32° | 0.0 | 0.200| 0.200] 0.16 
33 0.207 

34: 0.214 

35 0.221 

36 0.229 

37 0.237 

38 0.245 

39 0.254 

40 | 0.1 | 0.263! 0.250 

41 0.273 2 
42 0.283 0.23 
43 0.294 

4A 0.305 

45 0.316 

46. 0.398 

47 0.339 

48 0.351 

49 0.363 

50 | 0.2 | 0.375) 0.360 

51 0.388 

52 0.401 0.35 
53 0.415 

54 0.429 

55 | ¢ 0.443 | 0.416 


Southern. 


Force of vapotir in inches of mercury. 


Tempe- 


p 
rature. 


Ure. Southern. 


ee 


Robison.| Dalton. 


0.458 
0.474 
0.490 
0.507 
0.524 
0.542 
0.560 
0.578 
0.597 
0.616 
0.635 
0.655 
0.676 
0.698 
0.721 
0.745 
0.770 
+ 0.796 
0.823 
0.351 
0.880 
0.910} 
0.940 
0 971 


0.516 
0.52 


0.630 


0.726 
0.73 


0.860 


* A Table for practical use is given by ph Philip Taylor, Phil. Mag. Ix. 452. 


Om 


Tempe 
rature, |Robison. 


80° 
81 
$2 


oe 


84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94, 
95 


Force of vapour in inches of mercury. 
) 


— 


0.82 


1.18 


2.25 


3.0 


Dalton. 


1.00 
1.04 
1.07 
1.10 
1.14 


1.4.4 


Fed feet ed et ed 
C0 COMI D tn 
DOS HDD 


Ure. 


1.010 


1.170 


1.360 


1.640 


1.860 


2.100 


2.456 


2.810 
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, Table continued. 
seascapes tte eb tn tn tn AGEN EAI CATALANO 


Force of vapour in inches of mercury. 


Tempe- 
Southern.|| rature. |Robison.| Dalton. 


1.02 


iS 


96 


128° 
129 
130 
Pot 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
14:7 
148 
149 
150 
151 
152 


3.95 


5.15 


6.72 


8.65 


11.05 


A411 
4.22 
4.34 
AAT 
4.60 
4.73 
4.86 
5.00 
5.14 
5.29 
544 
5.59 
5.74 
5.90 
6.05 
6.21 
6.37 
6.53 
6.70 
6.87 
7.05 
7.23 
7.42 
7.61 
7.81 
8.01 
8.20 
8.40 
8.60 
8.81 


Ure. Southern. 


ear ores] 


4.366 
4.71 


5. 070 


5.770 
6.10 


6.600 


7.530 
: 7.90 


8.500 


9.02 | 


9.24 

9.46 

9.68 

9.91 
10.15 
10.4:1 
10.68 
10 96 
11.25 
11.54 
11.83 
12.13 
12.43 
l2./3 
13.02 
13.32 


13.62 


9.600 
10.05 


10.800 


12.050 
12.72 
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Force of vapour in inches of mercury. 


Tempe- 


rature. [Robison. 


14.05 


17.85 


22.62 


28.65 


ess 
220 135.8 
221 


Dalton. 


16.900 


19.000 
20.04 


21.100 


23.600 


24.61 


25.900 


28.880 


30.000! 30.00 


33.40 


Southern. 


Tem pe- 


Force of vapour in inches of mercury. 


rature. |Robison.}| Dalton. 


54.9 


58.21 
62.85 
67.73 
72.76 
77.85 
83.13 
88.75 
94.35 


100.12 


105.97 
111.81 
117.68 
123.53 


135.00. 


Ure. 


Southern. 


60.00 


120.00 


240.00 


SF SE SR nS oR I FS SS a TO 


PN 1 
og bs 
ea 

mh 
as \ 


— 1646 


Lable of the Elastic Forte) of the Vapours of Alcohol, Oil of 
Turpentine, and Petroleum or Naphtha, in inches of Mercurt uy: 


APPENDIX. | 


By Dr. Urs. (Phil. Trans. 1818.) 


Alcohol (sp. gre 


0.813.) 
_ Force of 
Teme, Vapour. 
32 0.40° 
40 0:56 
46:41 -°°0.70 
50 0.86 
55 1.00 
60 1.23 
65 1.49 
70 1.76 
75 2.10 
80 2.45 
85 2.93 
90 3.40 
95 3.90 
100 4.50 
105 5.20 
110 6.00 
115 7.10 
120 8.10 
125 9.25 
130 10.60 
1B5 12.15 
140 13.90 
145 15.95 
150 18.00 
. 155 20,30 
160 22.60 
165 25.4.0 
170 28.30 
173 30.00 
178.3} 83.50 
180 34.73 
182.3| 26.40 
“185.3} 39.90 
L90 


4.3.20 


Alcohol (specific gravity 


0.813.) 

orce o 
Temp. eat 
193.3? 46.60° 
196.3 50.10 
200 53.00 
206 60.10 
210 65.00 
214 69.30 
216 72.20 
220 78.50 
625 87.50 
230 94.10 
232 97.10 
236. 103.60 
238 106.90 
240 111.24 
D244 118.20 
O47 122.10 
24.8 126.10 
24.9.7 131.40 
250 132.30 
252 138.60 
254.3 143.70 
258.6 | 151.60 
260 155.20 
262 161.40 
464 166.10 


‘ 


, 


Petroleum. 
Force of | 
nia is noogrt 
316° 30.00° 
320 31.70 
825 34.00 
330 36.40 
335 38.90 
340 41.60 
345 44.10 
550 . 46.86 
355 50.20 
260 53.30 
365 56.90 
370 60.70 
372 61.90 
ova 64.00 
Oil of Turpentine. 
Temp Force. | 
| 304° 30.002 
307.6 $2.60 
$10 83.50 
$15 85.20 
320 $7.06 
323 87.50 
826 40.20 
330 42.10 
$36 45.00 
340 47.30 
343 49.40 
347 °61.70 
350 53.80 
354 56.60 
357 58.70 
360 | 60.80 
j 62.40 — 


s 
Table of the Expansion of Air and othér Gases (supposed dry) - 


Fahren, 
$2 
33 

34 

35 


eene 
e@eee 
e@ee08 
e@een 
ep een 


2@eere 


EXPANSION OF AIR BY HEAT. 


by Heat. By Mr. Datton.* 


1000 
1002 
1004. 
1007 
1009 
1012 
1015 
1018 
1021 
1023 


» ¥Q25 


1027 
1030 


1032 . 
1034 
. 1036 


1038 


ee 1040 
. 1043 


1045 
1047 
1050 


. 1052 


1055 


» 1057 | 
-. 1059 


1062 


Fabren, 
59 «ee. 1064 
GO. oee.4: 1 066 
61 ....- 1069 
5 2 HIRT A ha | 
GS. Saw BOsa 
64 .... 1075 
CHa Se Sr 
66...+. 1080 
67., 000 1082 
68..... 1084 
69°... 1087 
70 .... 1089 
ih Mle ate pe DS 
73 isiee a ROU 
ih: UNG 1095 
GA est LODE 
75 -» 1099 
76 »- 1101 
TH bod od Fes 
78 - 1106 
79 . 1108 
COs.6 L1G 
OE ee ias ok de 
S2foe os 114 
OS tues LIIG 
Sttia ge, LILIS 
$5ivhe ss 112] 


‘1Fahren, 


. 86 
87 


eo@e@ees 


\@eesee 


(epee 
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t 


1123 
1125 
1128 - 
1130 


« 1132 


1134 
1136 


LbGS: 
. 1140 


1142 


» 1144 


. 1146 


1148 


- 1150 


1152 
1173 
119% 


» 1215 
of L935 


1255 
1275 
1295 
1315 


- 1334 
- 1354 


1372 


. 1376 


* The numbers in the Table are derived from the results of Mr. Dalton’s 
own experiments, which give 1-483d part for the expansion of air by each 
degree of Faht. between 32° and 212°. Gay Lussac found that 100 volumes 
at 32° become 13.75 at 212° Faht. which gives 1-480th for each degree of 
Faht. (Annals de Chimie, xlili. 170.) The same law he afterwards 
ascertained to extend to condensible vapours, when excluded from contact 
with the liquids which afforded them, _ i 


a, 
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Table of the Expansion of Liquids from 32° to 212°, their bulk 


at 32° being supposed 1. 


Dilatation Dilat. in 


Liquids. Authority. in Decimals, |vulg. frac. 

Muriatic acid (sp. gr. 1.137)|Dalton........ ..|0.06000 | +, 
Nitric acid {ep. gr. 140)... . (Ditto ©... oe 0.11000 | 2 
Sulphuric acid (sp. gr. 1.85)|Ditto’ .......... 0.06000 | +; 
Aleonh eee sy pS ee Ea Ahk aeges 8? Ba 0.11000 4. 
Water son Sse oo ee LS DUGG Fire it oi ..|0.04600 | 
Rear ce se it cme ety in cneek: 0.05000 | 2, 
Sulphuric.ether .......... Ditto. EPI... 0.07000 | ar 
Pied Dis... Lo GGR.A5 EO MDitta ioe Ses 0.08000 | ++ 
Oil of turpentine..,........ Ditto (Backs aes 0.07000 : 
Mercury ...... en ee ae Ditto: pnt & Ses 0.02000 -| sy 
Ditto po. Sob ea soe Ld. C. Cavendish... | 0.01872 | 3s 
Withewik Us ce. unit's sfpeuckeee | &¢...|0.01852 | ste 
POLES J 3 ir map ead Gen. Roy, ....../0.01680 | 35 
PO Gat ye ee eee kde Hattigerdem | ..s.|0.01758 *| a 
ET te decd Reelin iy harks at SEA lhe Lalande’)... ..: .|0.01500 || > 
ADIGE 2 soe Es ee Teg Petit and Dulong. .| 0.0180180 SEIET 


Dr. Young’s Table of the Fapansion of Water ee the Experi- 
ments of Gilpin and Kirwan. . 
N.B. Denoting a degree of Fahrenheit’s Thermometer, by 4 


the expansion of watér, reckoning either way from + Wighge is nearly 
represented by 0000022 f2 — 60000000435 eb. s 


Temp, ' Observed expansion. Calculated, 
SNe es pinkie ot nahn MOOR on yy ah aaeen 60018 
op ih Mawr gag ‘ WOOT Poet OCO1L 
oh See al AD VOOR =F . nse 00005 
BOP at se hs ed 00000 ©... ..... -Q0000 
44, G ase treue s OOO #2 awh lth o 00005 
684 4as, oo shorn 00018 , .. 00018 
4 Oe Mera ay Sea 00022 ... 00022 
ey A Ce ee Oe is eee CE Og) Gucuahe te O004% 
59 G... CUS Bk ke 00084 
Be TATAL © is ca bce OF keh kit coeun ike 00130 
Ree ates Ace ce ok UL OO: wheuete a ate ie okt .00186 
Taree gee. 00251 . ~. 0251 
TOA. ’ QOS See eee i 00326 
pr DO igh em a ROT! ot Seo ay 00513 
100° G:>, Wisi OTE Sie dad), ae ee 00720 
LOA a This POE eee is WOTHO kin es Abie oe 00763 
bE RR gh rao 01258 . 2 01264 
142 G. J DIB GO! okie ce pH 01859 
aA, OS a aM 127 5 Ae a 02512 
182 G eR. aaa ROMIIO Hace hie! ate os I bh WE) 


209 G6. Me OM00H (so. . vu site hOOO6! 
212 G, err eepeoreee 04333 Becerra rene 04.322 
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Table by Du Luc, exhibiting the Degrees marked upon Ther- 
mometers filled with different Liquids at the same Tempera- 
ture. 


N. B. To comprehend the meaning of this Table, it must 
be understood that different thermometers (each filled with the 
particular fluid marked at the tops of the columns, and each 
being divided into 80 equal parts between the freezing and 
boiling water points), are placed with their bulbs in the same 
vessel full of water, and that the water is gradually heated. 
Then when the mercurial thermometer is at 5°, 10°, 15°, &e. 
the surfaces of the fluids in the other thermometers will be 
found at the degrees which stand on the same levels. For 
Instance, when ie mercurial. alerts ta stands at 40°, the 
water thermometer will be found at 20.5°;- the spirit thermo- 
meter at 35.19; the oil thermometer at 39.2°, &c. 


Essential e| Alcohol capa-| Water satu- ” 

elds Deed ea MSO ay Bete te 
80.° | S0.° 80.° 80.° 80.° 80.° 80.° 
fis) 74.6 74:7 74.3 73.8 7451 71.0 
70 69.4 69.5 68.8 67.8 68.4 62.0 
65 64.4 64.3 63.5 61.9 62.6 53.5 
60 59.3 69.) OG 56.2 oe | 45.8 
55 54.2 53.9 53.3 50.7 51.7 38.5 
50 49.2 48.8 48.3 45.3 46.6 32.0 
45 44:0 43.6 434s 40.2 41.2 26.1 
40 39.2 38.6 38.4 bel 36 20.5 
35 34.2 33.6 3305 39 $1.3 15.9 
30 Veks Pye, Ate | 28.6 5.6 26.5 LLG 
25 24.3 23.8 23.8 21.0 2159 7.3 
20 19.3 18.9 19.0 16.5 17.3 4,1 
15 14.4 14.1 14.2 12.2 12.8 1.6 
10 9.5 Fes 9.4 7.9 8.4 0.2 
5 4.7 4.6 4,7 og 4.2 0.4 
0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table of ihe Expansion of Solids by Heat. 


-N.B.. The linear expansion by being heated from 32° to 212° 
Faht..is here to be understood. ‘The expansion in volume may be 
learned by multiplying the decimal quantities by three, or dividing 


the denominators of the vulgar fractions by 3. 


Dilatation 


Dilat. 
Substances tried, Authority. ee etal em 
length. fract. 
ALDEUMOBY io oo a uid ot ESRD in atk ccm rinh oe 1.00108300 | 43-5 
BiMIUEE Ge oa crs lk pee hat Rte Single ited yh 1.00139200 | -i< 
Bras. Cope it Lavoisier and Laplace. . |1.00186671 | s4+ 
m— cast ...... sees (omMeaton ..........2. {100187500 | <3 
——— WITE ......20%. DMO see a «eae |-00193000 | i> 
SAREE Bec wil a's SRATUSAMENIE hues apes AT Gn: 1,00190800 | 34-4 
SOMME co ee ee Pevgiaters: $2 Beh 1.00172244 | s4+ 
——— hammered ....|Smeaton ...... ve ee ee (1-00170000 | + 
Ahi —— ......\.|Petit and Dulong .,,.|1.00171821 | 535 
ass tube without o's a 
lead (crown) 4 Lavoisier devs the-Gite 1.00087572 later 
white barom. |Smeaton ..........+-|1-00083000 |1,,+ 
Sg we ea ,» |General Roy... veep 1.00077615 |rys5 
m— TOD .... eee ee ee THO eon, <4 eevee ee | L.00080787 lrys> 
—— English flint'....|Lavoisier ............ 1.00081166 jiazs 
Grown Oe. SPY Ditto Oyu ee ks 1.00089760 |. 
e— tube ........... Petit and Dulong . |1.00086130 |.345- 
Gold, Paris standard)? |r.__: - pits 
et kofeaned Tie ‘* Wavoisier 2.2.6. 0098. 1.00155155 | 44+ 
DULG) nis. = Gs Pe EID. Ginau eee ogre 1.00146606 | ss 
WOR ee aes Pe ete SITIEALON Wu. - Ubsisieae 1.00125800 | 3% 
POUEO + ciel ping oby ...- {Petit and Dulong .... {1.00118203 | sae 
—— cast (prism) ..../General Roy ........ 1.00110940 | sor 
—— hammered ...... Lavoisier... ;2<.2. 1.0012204.5 | s4+s 
wire...... Feith Ditto Sees. ts te Oe .. |1.00123504 | ste 
Vand) OR eo ee DEO ORG sh ie eee 1.00284836 | x37 
Bed FOR Det Smeaton ......+,050- 1.00286700 | sie 
Pewter, fine........ Wi Ditho "tye Bigg e. ha 1.002283 | a3s 
Palladium’ 5) ...6.24% Wollaston .......35- 1.0010000 |yu'o> 
Plating, bis poe Pee Troughtont:....).% /pawe« 1.000991 80 |y0'v-s 
POEO Le ee rbid bey Bogda iain nyhes Seek ce 1.00085655 |aas> 
ZED 1! PR re ona Petitand Dulong ....|1.0088420 [s+ 
Silver, Paris standard. .|Lavoisier........-¢.. |1.00190868 | -3< 
ECO ht Gta ess phy und Treughtenss. Jey. 9. Se 1.0020826 | -+t5 
Solder, soft (lead 2, tin 1)\Smeaton ............ 1.0025080 | 33-5 
spelter (brass 2, : : 
at ‘i aiid PUD iies xy sare piven 1.0020580 | 4, 
Speculum metal:......,|/Ditto .2....... eee | 100193300 | 4 
Steel, Dardis ys odisnteielets LQvgigier oi (u si0' he iaheiew 1.00107875 | 3+ 
CttO aside seks efSmeaton 2 ives. oe ce e's 1.00122500 | «+; 
m0) i CR ae Lavoisier .......... ~. |L.00107956 | 53-5 
pemereTet tempered er raee Ditto eaorerr pret erear 1 ,00123956 soy 
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Table continued. | 


* 


Tin, Falmouth ....,.|Lavoisier......,.....[|1.00217298 | <4 


—— Malacca.../....|Ditto .......... .. .. {1.00193765 | sty 
: Grain ; 2)5) 8 4Gmeaton: 2) o200 9 20549 1.009483004 =4.. 
Linge (ae SILA Ditto ..............{L.00294200 | +45 


hammered half 
inch per foot .... 


Tables exhibiting a collective View of all the Frigorific Mix- 
tures contained in Mr. Walker's Publication, 1808. * 
Communicated by Mr. Walker. 
1.—Table, consisting of Frigorific Mixtures, having the Power 
of generating, or creating Cold, without the Aid of Ice, suf- 
Jicient for all useful and philosophical Purposes, in any Part 
of the World at any Season. 


Frigorific Mixtures without Ice, 


} Ditto Dees mont OCO LION tote 


Deg. of cold 


MIXTURES. Thermometer sinks. produced. 

Muriate ofammonia.. 5 parts 

Nitrate of potassa..... 5 From + 50° to + 10° 40 

Water sy aah. gs. 5. vn ae 

Muriateofammonia,, 5 parts 

Nitrate of potassa.... 5 : * ne . 

Sulphate of soda .... 8 From’ + 50° to + 4 46 

Bl COLOR BAAR oie CE 

TST T A LoOh dearest Sp othe casa 
- Nitrate of ammonia... 1 part 

Carbonate of soda... 1 From + 50° to — 79 5T 

WOR, ade eauldy ss. sates 

Sulphate of soda..... 3 parts ac 

Diluted nitric acid... 2 Frou: mpl, \oice. 2 | ‘4 


Sulphate of soda .... 6 parts 


Muriateofammonia.. 4 a. ° fe) 
Nitrate of potassa.... 2 Ae: oa aed Ne ee 


Diluted nitric acid... 4 


Sulphate of soda .... 6 parts 

Nitrate of ammonia.. From + 50° to — 14° 64. 
Diluted nitric acid... 4 

Phosphateofsoda.... 9 parts 6 6 P 
Diluted nitric acid... Bree. te G3 Qh? a 
Phosphate of soda... 9 parts 
Nitrateofammonia., 6 From + 50° to — 219 71 
Diluted nitricacid ... 4 
Sulphate of soda .... 8 parts | 7 | 
Muriatic acid...... edhe nine tan eS | = 
Sulphate of soda..... 5 parts | . Sole} 

Diluted sulphuric acid 4 Brow + 00° 16, a3 | cee 


N, B.—If the materials are mixed at a warmer temperature, than that 
expressed inthe Table, the effect will be proportionably greater; thus, if the 
most powerful of these mixtures be made, when the air is + 85°, it will sink 
the thermometer to + 2°. 


+ 
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—Table consisting of Frigorific Mixtures, composed of Ice, 
with chemical Salis and Acids. 


Frigorific Mixtures with Ice. 


—— 


Deg. of cold — 
MIXTURES. Thermometer sinks. produced, 

Snow, or pounded ice. 2 parts f tpi BO : « 
Muriate of soda...... I 

_ -— ——| ¢ —— 
Snow, or pounded ice. 5 parts} 5 
Muriate of soda...... 2 8 to — 129 m 
Muriateofammonia.. 1 a 

nn & Le 
Snow, or pounded ice. 24 parts| & ¢ 
Muriate of soda...... 10 we to — 18° * 
Muriate of ammonia... 5 = . 
Nitrate of potassa... 5 Ss 
= i=) Sean ee ae 

Snow, or pounded ice. 12 parts Fe 
Muriate of soda...... 5 to — 25° ~ 
Nitrate of ammonia... 5 ( 
SUQW sn ste'e tb 4-9), Onparts 
Diluted sulphuricacid 2 Renn) 4) Saito oie ae 
Ss VW eeersecea eesceee for ae 
Muriatié BCH chee c'y.0 pe From + 32° to — 27° mY 
SOUR 9S Sia spies Smice « 7 parts . a 
Diluted nitric acid .. 4 From + 32° to — 30° ver 
SOGW sjnviled sees A parts F 990 40° 72 
Muriate of lime .... Sa Ma a Sahl) sam 
DIES a's wise Stlavune's 2 parts 3 7 aa 
Cryst. muriate of lime. 3 From + .32°.to — 50° 82 
Sr e@eenaeteoveeee eee é 
Poliisa ..4-.24faes gu | From + 82910-5183 


N. B.—The reason for the omissions in the last column of this Table, is, the 
thermometer sinking in these mixtures to the degree mentioned in the preceding 
column, and never lower, whatever may be the temperature of the materials 


at mixing, 
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3.— Table consisting’ of Frigorific Mixtures selected from the 
foregoing Tables, and combined, so as to increase or extend 
Cold to the extremest Degrees. 


Combinations of Frigorific Mixtures. 


VES ' . Deg. of cold 
MIXTURES. Thermometer sinks produced. 


Phosphate of soda... 5. parts aia ’ 
Nitrateofammonia.. 3 From.0° to — 349° 34 
Diluted nitric acid... . 4 


Phosphate of soda.... 3 parts = ‘ van 
Nitrate of ammonia... 2 From — 34° to — §0° 16 
Diluted mixed acids... 4 


MBOW O80 hg wer eRe 3 parts crm hie es 
Hiluteddiridaed 2. Ss From 0° to — 46° _ 46 


ee ee ee ee 


Sao Wi ..s sees has cnsee. O° pares a 
Diluted sulphuric acid 3 From — 10° to — 56° 46 
Diluted nitric acid... 3 


SHMIW Fitrea ae'e tae bessk ue eae . 
Diluted sulphuric acid 1 woo 2. Obiied si 


Snow eecreereeecevese 3 parts From ae 20° to aa 480 68 


rt 


SNOW .cccccsccsicees © parts 
. Muriate of lime ..... From + 10° to — 54° 64 


— es 


eee fe 


SUOW Wo. week dane oevet ta parts * b 
Muriate of lime..... 3 From — 15° to — 68 53 | 


es Se Gee Gees |e 


SHOW Pasta odes Faas =) ie Part e 
Cryst. muriate of lime 2 From 0° to — 66° 66 


S00 4s oes Adi els. 1 part x j 
Cryst, muriate of lime 3 From — 40° to — 73° 33 


SNOW .ccurvawee ~ os eth parts a 
Diluted sulphuric acid 10 From — 68° to — 9] 93 


N. B.—The materials in the first column, are to be cooled, previously to_ 
mixing, to the temperature required, by mixtures taken from either of the 
preceding tables. 
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Table of the Solubility of Salts in Water.* 


Solubility in 100 Parts 


NAMES OF SALTS, Water. 
At 60° At 219° 
ACIDS. 
A tats ia ete. s'o as sia ks 150. 
Benzo wg... . 2oa'a savawiGey yg 0.208 4.17 
WOTACME Le so lils v.* «he wdicieee oe 2. 
GN ES ER RR ae EA IS 1.04 8.3 
Citric Para a ee ee Se oe 133. 200. 
OF hae SOM SOR CASO DE 8.3 ~ 66. 
MCG hs acceded bo ok Wie c aS 0.84. 1.25 
Molybdénic *..%\ se 4d 28. v.80 a (QO. 
Cea ea on lek walters she et 6. 
SUGERIC sk giaiwledeie'a: ondib wre eicis's Bog ce 50. 
SUceHiTe CH VHWh Wil ove as eek ea” “| 50. 
Pete er sks t os coe es kas Very soluble 
SALIFIABLE BASES. 
Barytee ovis peter eee Ee Bs | 50. 
erystallized ow issecees 87. Unlimited. 
CT aaa IE) SOPRA RUE ACR 0.2 
Potassa .....seeeeecesereees | Very soluble 
BOE ere Veh s Coie Paine teeta do. 
CPE elas Sb Rais ols sl SHEAR SD bole 0.6 rest 
crystallized ......0... 1.9 50. 
SALTS. 


Acetate of ammonia.......... | Very soluble 


CRE Js Ss oss sh do. 
RPT a Me sb Bee se coe do. 
Map nesia hose sa do. 
\ potassa ........-- | 100. 


* This Table, from the impossibility of finding sufficient data, I am 
aware is very incomplete; and, in several instances, I have little doubt 
that the degrees of solubility assigned are erroneous. The subject requires 
investigation, and, if properly pursued, would uo doubt furnish many im- 
portant results. A very successful beginning has been made by Gay Lussac, 
see Ann. of Phil. vol. xv. ) 
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Table of the Solubility of Salts in Water,—Continued. 


NAMES OF SALTS. 


Solubility in 100 Parts — 


At 60° | At 212° 
SALTS. 
Acetate ofsoda ....«2...++++- | Very’soluble 
StTCUsIa «be, paths ees 40. 
Carbonate of ammonia.......- +30. 100. 
baryta .,....4.+. | Insoluble 
MMC... Mec ce ale. do. 
MAGNESIA... e000 0.04 0.01111 
POtassa ..sceeee « 25. 
a0aH () ae SSS BO, + 100. 
Strom a «oe 5 as es Insoluble ; 
Camphorate of ammonia ...... }, 33. 
baryta..2.eeee. 0.16 
Tifie. oo care SS 0.5 
potassa......s. 33. + 33. 
Citrate of soda .....ceeececese 60. 
hee sd apg P aateoke wil ip Insoluble 
Chlorate of baryta........ee6. 25. + 25. 
| Mercury .).6s.s0- D5. 
PpOotassA weseeeoees 6. 40. 
Sdds b.a9a3 > ss : eae 85. + 35. 
Chloride of a Re a 34. 59. 
CAG. fae a WES o08 bee 4.5 
tind 2 oi gad a> soate ois tf Oe 
MagnesiuM. ..ees, 100. lao 
MEYCULy ..-eeeeees 5b. 50. 
pbdtassiam 5... 4..:, 34. 59. 
SEVER, Skis’ oie! dee etek 0.33 
SATATULTT ch tne kd be oe 35.42 sh: xygry 
SHON wer 004s 150. Unlimited 
Muriate of ammonia ........ 33. ~ 100. 
Nitrate of ammonia ........ 50. 200. 
baryta’’ eae 2. os 8. 25. 
Jithe th eegteeoe 24 400, 
Magnesia ....006. 100. + 100. 
POtassa cov. seovee 14.25 100. 
Social Wie ae : 33. + 100. 
Sifontia 403. Ot 4: 100. 200. 
Oxalate of strontia .......... 0.415 
Phosphate of ammonia........ 25. + 25. 
baryiais hae. S53 0. 0. 
TING pi eaine a kee 0. 0. 
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Table of the Solubility of Salts in Water,—Continued. 


Solubility in 100 Parts 


NAMES OF SALTS. | Water. 
At 60° At 212° 


© SALTS. 
Phosphate of magnesia ...... 66. 
potassa ........ | Very soluble bear 
SOS. MUNI ie ois eit 25. 50. 
strohifia teers a. 4% pat 0. 
Phosphite of ammonia...... : 50. °° 450, 
DAaryta es. as viele ss Wisc? | 
potassa ...seens 33. + 33. 
Sulphate of ammonia........ 50. 100. 
uh DAPNOA ir ee ola yt 0.002 
COPPEr Ae eae eb “25. 50. 
ATORE 'sitie <\5)s Meet 50. + 100. 
Neath: ei ae 6 che ih Ors 
LC ale cao. AN 0.2 0.22 
ANAPTICSIO’ 2's de 0% 100. 644. 
potassa ..... o's 10. 26. 
SOUG LAR = oicisteln § 37. 125. 
StFOMLlaeh js deat 0. 0.02 
Sulphite of ammonia........ 100. 
PF APNG ES sake ed 0.125 
magnesia ...... 5. 
potassa ..cesece 100. ° 
BOCA: (Wt es dens $ 25. 100. 
Saccholactate of potassa ...... | | 12. 
SOMMT se cate alk ; 20. 
Sub-borate of soda (borax)....° | °° 8.4 16.8 
Super-sulphate of alumina and . i 
potassa (alum)......... en) es (133. 
; potassas ...)..% 50. + 100. 
Super-oxalate of potassa...... 10. 
- tartrate of potassa...... 1 a 
Tartrate of potassa .........5 25. : 
and soda.... 20. 


antimony and potassa (° ~~ 6.6 33. 


SOLUBILITY OV SALTS IN ALCOHOL. 


Table of Substances soluble in Alcohol, 


| Tempera- {100 Parts Al- 


NAMES OF SUBSTANCES. ture. cohol dissolve 


Acetate of copper til ae ein 176° 7.5 
soda. 0048 AES io Fake 176" "2 4G, 
Arsenate of potassa.......... AE | do. 8.75 
SOU Vet te taut dvi we Y do. 1.7 
BOtmeenGie tree ike oe eee etsy do. 20. 
Camphor...... SR Te RE do. 75. 
Muriateofammonia .......+.... do. vf 
abiiiiitian #4 tea hes st 541° 100. 
Copper yi AUSTRE 824% 176° 100. 
LEOR a uscd wate ae ek 176° 100. 
lames 8 SO ee ea 2 do. 100. 
WAS TeSIEAS ay OL do. |. 547. 
METFCULY we cece ceveses 88.3 
ZINC ES ON GORA AES 542° 1. 100. 
Nitrate of ammonia........0+e0s 176° 89.2 
SUM INNIS YT Gr BSE UNS 4G 41° 100. 
Cpbaler Ue ere nie teeee 548° 100. 
line GGer. Wipadee Pet Fe 125. 
POLABEA Lee 176° 2.9 
gilvereey Cuan gaat, Oe do. 41.7 
Succimic acid. PHPCS Aes eestes do. 74. 
Super, rehined wei 3s ss SOs eS do. y 8 24 
Super-oxalate of potassa.......... 3e 
Wartrate of (potassd es, saat ese « 0.04 


OTHER SUBSTANCES SOLUBLE IN ALCoHOL.—AII the acids, 
except the sulphuric and nitric, which decompose it, and the 
phosphoric and metallic acids.—Potassa, soda, and ammonia, 
very soluble. Soaps; extract; tan; volatile oils; adipocire ; 
resins; urea. 

SUBSTANCES INSOLUBLE, OR VERY SPARINGLY SOLUBLE, IN 
ALCOHOL.—Earths; phosphoric and metallic acids ; almost 
all sulphates aud carbonates; the nitrates of lead and mer- 
cury; the chlorides of lead, silver, and sodium (the last, per 
Chenevix, sparingly soluble) ; the subborate of soda; the tar- 
trate of soda and potassa, and super-tartrate of potassa ; fixed 
oils; wax; starch; gum; caoutchouc; woody fibre; gelatine; 
albumen, and gluten. 
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Table of Incompatible Salts.* 


SALTS. INCOMPATIBLE WITH 
i. Fixed alkaline sul- { Nitrates of lime and magnesia, 
phates ............ U Muriates of lime and magnesia. 
Alkalis, 
2. Sulphate of lime... 4 Gu bonate of magnesia, 
Muriate of baryta, 
Alkalis, 
3 Muriate, &c. of bar ta, 
8. Alum ........00, a muriate, carbonate of lime, 
Carbonate of magnesia. 
Alkalis, 
' Muriate, &c. of baryta, 
Nitrate and muriate of lime. 
Alkalis, 
=| Murino, &c. of baryta, 
Earthy carbonates. 
Sulphates, 
6. Muriate of baryta... ‘alkaline carbonates, 
| Earthy carbonates. 
|  Sulphates, except of lime, 
7, Muriate of lime....< Alkaline carbonates, 
_ Carbonate of magnesia. 
we . £ Alkaline-carbonates, 
8. Muriate of magnesia. Alkaline sulphates. 
Alkaline carbonates, 


9. Nitrate of lime.... 1c bonates of magnesia & alumina, 
Sulphates, except of lime. 


4, Sulphate of magnesia 


5. Sulphate ofiron.... 


1 


Table of Equivalents. 


In the following Table of Chemical Equivalents, eine under 
another view, may be considered as denoting the relative weights 
of the atoms of bodies, hydrogen is expressed by 1, and other 
bodies are referred to it as a standard. ‘This appears to me 
more convenient than the employment of oxygen as the unit 
of comparison, because all bodies lighter than oxygen are, in 
the latter case, necessarily expressed by fractional numbers. It 
is easy, however, to reduce the one scale to the other by the 
rule of proportion. Thus to know what number would be 
equivalent, oxygen being supposed 1, 10, or 100, toany known 
number which refers to hydrogen as unity, say as 8 is to 1, 10, 

* That is, salts which cannot exist tegether in solution, without mutual 
decomposition. This incompatibility, however, it is to be understood, exists 
only in solutions of a certain density. | 


CHEMICAL EQUIVALENTS. 659 


or 100, so is the known equivalent to the equivalent sought. 
And contrariwise, when we have a scale of numbers in which 
oxygen is represented by 1, 10, 100, &c., and would know 
what is the equivalent of any of those numbers, hydrogen 
being taken as unity, say as 1, 10, or 100 to 8, so is the hi 
Sejinalean to the equivalent required. 

In drawing up the table, I have had recourse to the best 
authorities both original and compiled. The most copious 
Tables hitherto published are those of Berzelius,* Dr. Thom- 
son,t and Mr, Phillips;+ but in many instances, their num- 
bers, as well as my own, are to be considered merely as 
approximations; and it is probable that there are few numbers, 
which will not undergo alteration by the subsequent progress 
of chemical science. The table will be rendered-much more 
useful, if accompanied by a logometric sliding scale, the appli- 
cation of which to this purpose was a happy invention of Dr. 


Wollaston. On the fixed part of this instrument may be in- | 


scribed, opposite to their equivalent numbers, the names of 
substances; but asit is not possible to include on a single scale 
the names of all substances, those may be selected which are 
most important, and most likely to become subjects of refer- 
ence. Or, by a little practice, a scale containing numbers only 
may be used with facility, the names of substances being in this 
case imagined to be placed on the fixed part of the instrument, 
opposite to their representative numbers. A scale, however, 
on which names are inscribed, is best adapted to beginners; 
and an instrument of this kind will be found capable of afford- 
ing a great variety of information, important both to the 
scientific and practical chemist. 

1. The quantity of any substance, which is equivalent to a 
given quantity of any other inscribed on the scale, may be 
learned by inspection. For example, by bringing 50 on the 
slider opposite to magnesia, or to its equivalent 20, it will be 
seen that 50 parts of that earth are equivalent to 70 lime, 120 
potassa, &c. : : 

. It shows the quantity of each base, that is equivalent to 
a given quantity of any acid. Thus 50 on the slider being 
brought opposite to'sulphuric acid, or to its equivalent 40, it 
* Essai sur la Théorie des Proportions Chimiques, 8vo. 1819. 
+ First Princ, of Chemistry, vol. ii. 
t Annals of Philosophy, N.S. vol. x, p. 293. 
2u2 &. 5 
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appears that 50 parts of that acid saturate 25 of magnesia, 
35 lime, 60 potassa, &c. In a similar manner, the scale indi- 
cates the quantities of different acids required to saturate each 
base; thus 50 parts of magnesia saturate 100 of sulphuric 
acid, 135 nitric, &c. 

3. It enables us to determine by inspection the proportions 
of the components in a given quantity of any substance of 
known composition. ‘‘hus, by bringing 100 on the slider 
opposite to 72, the equivalent of dry sulphate of soda, we find 
55.50n the slider opposite to the equivalent of sulphuric acid, 
and 44.5 opposite to the equivalent of soda, numbers which 
together make up 100 of the salt. 

4, It expresses not only the proximate but the ultimate ele- 
ments of compounds. ‘Thus, keeping the slider in the same 
situation as in the last case, we find 22.4 on the slider opposite 
to 16, the equivalent of sulphur, and 33.1 opposite to 24, the 
equivalent of 3 proportions of oxygen; and 22.4 + 33.1 make 
up together 55.5 sulphuric acid. By reference to the equiva- 
lents oF sodium and oxygen, we find also that 44 parts of soda 
are made up of 334 sodium and 11.1 oxygen. 

5. The quantity of any substance, which we must tales to 
decompose a given quantity of another by single elective attrac- 
tion, is at once taught by the scale. Thus, if we wish to know 
the smallest quantity of sulphuric acid adequate to decompose 
100 parts of chloride of sodium, by bringing 100 on the slider 
opposite to chloride of sodium or its equivalent G0, we find 
663 on the slider opposite to 40, the equivalent of dry sulphu- 
ric acid; and opposite to 49, the equivalent of sulphuric acid 
of commerce, we find 81+ on the slider. We must, there- 
fore, employ 661 of the Rites or $114 of the latter. Again, 
to know the quantity of dry sulphate of soda, which would 
result if all the common salt were decomposed, we shall find 
120 on the slider opposite to the dry sulphate or to its equiva- 
lent 72, and 270 opposite to the crystallized sulphate or to its 
representative number 162. In several cases, however, in order 
to effect a complete decomposition, it is necessary to employ 
more than the equivalent quantity of the decomposing body. 
(See vol. i. p. 325.) 

6. The quantities of salts, each consisting of two ingredients, 
that are required for mutual.decomposition, may be learned 
by a similar use of the sliding scale. Supposing, for instance, 
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that we have 83 parts of sulphate of potassa, and wish to know 
the quantity of chloride of barium required for their decompo- 
sition; bring 83 on the slider opposite to sulphate of potassa, 
or to 88, its representative, and opposite to 106, the equivalent 
of chloride of barium, we find 100 on the slider, which is the 
number required. The results of this decomposition may also 
be learned by examining the instrument when in the same 
_ situation of the slider; for opposite to the equivalent of sul- 
phate of baryta 118, we find on the slider 111, and opposite to 
chloride of potassium we find 71.5 on the slider, the two last 
numbers indicating the resulting quantities of the new com- 
pounds. Again, from the weight of a precipitate, it is easy to 
deduce the quantities of salts which have afforded it. ‘Thus, 
if we had obtained by experiment 120 parts of dry sulphate of 
baryta, on bringing that number opposite to its equivalent i118, 
we see at once that they may have resulted from 894 of sulphate 
of potassa, and 108 of chloride of barium; and, moreover, 
that 120 parts of barytic sulphate are composed of 40.6 sul- 
phuric acid, and 79.4 baryta; the sulphuric acid consisting of 
16.5 sulphur and 24.1 oxygen, and the baryta of 8.15 oxygen 
and 71.25 barium. ; 

Other applications of the scale of equivalents are pointed 
out by Dr. Wollaston in a memoir, explaining its principle 
and uses, inserted in the Philosophical Transactions for 1814. 


Table of Chemical Equivalents or Atomic Weights. 


Acids aceticresl 22)... 9018 46 a3). 50 {| Acid, hydriodic ....... Bik eee 125 
crystallized, (1 water). 59 ByVArO.COIOPIG)) aia ss edrue, e.e 37 
HUBOMG ON Eats s ote tes Ga.” hydro-cyanic, 1 cy. + 1 hyd. 2 
: BUSENIOUS: oh yes. . dt Neel 54 hydro-fluoric......2.0.0.6 19 
benz01e® 55 ¢ eds Ves. Thee 120 hyponitrous, 1 nit. + 3 ox. 38 
boracie(2'OK.?) si ceeds. fe 24 hypophosphorus, 2p. + lox. 32 
carbonic, 1 c. + 20x...... 22 hyposulphurous, 1s. + lox. 24 
chloric, 1 chl. + 5.ox .... 76 hyposulphuric, 2s. + 50x, 72 
chloriodie, 2 chl. + licd.. 196 iodic,, Letod. :-- (6, OX: 35... 164 
chloro-carbonic, 1 c, ox. + malic: <2; <5. cg hatte Ad s «ace 60 
Lchl, Ti, eerie) «ce 50 MANGaNescous ...-.eee..ee 2 
chloro-cyanic..... PVR as Sic 62 MaMGaTEsG pL Saree 30% G0 
chromic, ] chr. + 3ox..... 52 SORPIRIC HY Bao cietgta wile a0 a a,5 72 
CEC (AFY) reese tek pave devs 58 WIG Y PAGS. «5 wi vais ea eae 64 . 
crystals (2 water)...... 46 muriatic ois else an as BF 
colambie? Wisite AGIs cys 152 nitric (real) ln. + So0x.... 54 
ferro-cyanic P). oF U8. oN 108 (sp. gr. 1.5) 2water.. 72 
Rit aan yk sss 10 nitrous, 1n. + 4ox....... 46 
Hpobore Po. . eel yN ae 34 oxalic (dry )y <!..c «0 Paice os 36 
Auosiligie: 2072. Asus ew. 26 crystals (4 water T.).. 72 
TORUIC 4snies.wnd «pad ape eetr OF (3 do. Berz.) 63 


GAC P Vint. viverssesses Oz perchloric, 1 chl. + 7 ox... 92> 
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Acid, phosphoric, 1 p. + 2ox.... 28 
phosphorous, 1 p. + lox.. 20 
PUYPUTIC...-... fees e eee .. 44 
PYTO-ONG) 64 ov we ya Piste chi 251 
BOCCINNACHG,.. sy kway ca ice 105 
selenic, I's.) + 2 ox. ol 02 56 
SUCKING 2, sin oid eidays acct Seeds 50 
Sulphuric (dry) 1 s. + 3ox. 40 
sp. gr. 1.85 (1 AN 49 
sulphurous, 1s. + 2 ox. 32 
BUIphOCPAnie foe... eo oe» 57 
tartapiey Oty joins. isd- seal 66 
crystals (1 water) rf) 
ROMPRES NS svi Fs oo vin tide she 150 
uric ¢ “i Se ARRAS GIG Si Ta 
Alcohol, 4 ol. gas + 2 aq. vapour. 46 
Alum, dry. Goh he Foe Baal EOL 262 
crystallized, 25 water...... 487 
Alumina, (27 Phillips).......... 18 
sulphate 2 hoy hs Ve wie. 58 
Aluminum (18 Phillips) ........ 10 
Aminonia a LG TRG es omelet 17° 
bicarbonate, 1 am. + 
Wy Me 4 sina o Riki's Sits b 61 
CTYSE. Wee eae aelne eae 79 
carbonate, lam. + lca. 39 
CHICKA CTY ne saa a ss 93 
Giraté, dOi.s, saves as en 75 
fluoborate, do.......... 51 
MYGPGUAle Sire conde o69 142 
ASE. SP vids mee a 181 
muriate, lam. + Ima 64 
MEAG, CET cals 9.46 oe 71 
crystallized, lL wat. 80 
“| OMalate, Ary nm sas 34s 0/0 53 
crystals, (2 wat.) 71 
phosphate, dry......... 45 
CRS. (AW) Jb veg nate 0 63 
phosphite, dry ........ 37 
Succinate, ty sss s\s..56- 67 
sulphate, dry /...-....% 57 
_ eryst. (2 wat.).. 75 
sulphite,. dry. o4 wass se 49 
tartrate, do......» Seas COR 
Antimony, (Br. 45) .....-.-000- s a4 
chloride. cis ethand hs « &0 
deutoxide, 1 anty. + 1g 
OH |g a pA eDiets hinen b 56 
hydrosulphuret........ 69 
TAGs ahs cs spi 4! 3 obtained 168 
peroxide, l ant. + 20x. 60 
protoxide, lant. + lox. 52 
sulphuret, lant. + 1s. 60 
tartarized, (T. 2w.) .. 354 
(Phill. 3 w.) 363 
Arseniate of potassa,dry ........ 110 
HOAs AIT wih s deed » 94 
PATSONIC HWS bie ike aged i sable) OD 
chloride of? ud. eieds 74 
RODUGAG Ci &.0)0, dy naie, oe se. 162 
sulphuret (orpiment) . 54 
eh Ne Mh “(cealgar). .. 62 
KOE dss (i deeecendarecarenae |) 14 


Barium - eevee Coa eetoseseness see 40 


chloride of, 1 b. + 1 chi. . 106 
iodide ... f Bre Pst a 194 
peroxide, 1 b. + 20x..... 86 
protoxide, 1 b. + lox.... 78 
sulphuret! J d00as dues. -- 86 


Baryta, dry, 1 barium + 1ox.... 78 


crystallized (20 water)... 258 


acetate, Arps. Tics. -- 128 
crysty (3 Wis fe some sie « 155 
arseniate ? dry wit iy. 220). 140 
arsenite 2? dO... tw.useres 132 
binhyposulphite, 1 a + 
DBC) § cde ee ee wee 126 
biphosphate, dry...... .. 134 
CarvONate, UOli. J ivs os 0s 100 
chlorate; dogs 05) 154 
chromate, do.........¢-- 1380 
hydrate (eryst. 20 w.).... 258 
hydriodate, dry ......... 203 
iodate, Axa. &satas Hale »fe'0 0 242 
nitrate cryst. (no water) . 132 
oxalate, dry ..... (beh swt 114 
ferro-cyanate ?........-- 145 


muriate, eryst. (1 wat.).. 124 
phosphate, dry.......... 106 


phosphite, dois ssrc... 98 
crystallized (1 
WHUORI ed a. Vide dah 107 
sulphate, dry 9.2 0...00- 118 
sulphite, do..i....0.e0. 110 
tatirate, doi..<k pteaeeens 144 
tungstate, do,.......00.. 198 
Bismuth, ei vens La SWITY's Biveid ee 72 
chloride, 1 b, + : chl.... 108 
iotabeOA; Set AOS . 244 
nitrate, Gey os seies nce sies 134 
CTYSt. (3 W.) eesuwee-s mea 
oxalate; (doe: deiwiies Sih lon 116 
MAE 5 Pe Gc Ley obese oie 80 
subsulphate, 3 ox. b. + 
BOY a, lates SBIR ‘iawn a TBO0 
sulphate, dry juwhew..... 120 
Bulphuret..acsveh lea &8 
mines laches ep ela Renee ere « BS 


cryst. (8 W.)... seetveewa eee 152 


Boro Pais. dcamoik wae Meee ed 6 8 
Cadmpinnt .i69% fh uin2a% bctipidsas +. 36 
Chloride | Ai vet  slvalviy * 92 
hitrates drys swiss sivee ce 118 
Oxide? Liwevuardiawes so 64 
phosphate, dry ........ 92 
sulphate, dow... she. +. 104 
sulphuret, lc. + 18... 72. 
Galen hy tes Saas etk Svasétaiee 20 
Chloride. ...0s0c-+receese 56 
fluoride (fluor: spat). ghee OO 
oxide (lime) .saeeeeeece a 
phosphuret ......«: es :n4, dr0 2 
res ce wit $ 36 


Calomel, see Mercury, protodhlorde 
Carbon ..... 


eeceraewtn er Peover ree 


bisulphuret, 1 car. + 2 3. . 38 
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Carbon, hydriodide ..........+2. 138 
hydrochloride .......... -. 43 
oxide (gas) lc. + Lox.... 14 
perchloride, 2 car. + 3 chl. 
protochloride, 1 + 1chl.. 42 
subchloride, 2 + I chl.... 48 

Carbureted hydrogen, light, 1 car. 


+ QB ATRL. 8 
Carbureted hydrogen olefiant (2 
car) 2 hydy.p. is weweest.. 14 
Cerium (Thomson) ...... ...... 50 
protoxides:. .svivesscs.. 58 
peroxide Pi ssssseus as. 62 
COTINe TTR APs Ves e'ce cece 36 
protoxide, le. im 1 ox. 44 
peroxide, lc. + 4 ox ?. 68 
Chromiaes ious eewivee) ads 28 
protonide <1. Aseass 36 
deutoxide (T.)........ 44 
Cobalt, (Thomson)........ pane’ 26 
arseniate, dry.......... «> 96 
chloride iis. aye as dnd 62s 
nitrate, drys ce astiaee vs oss 86 
Omalate, Osi s%ia eds ve ve’ 70 
peroxide, lc. + I1fox ... 38 
phosphate, dry ...+...3... 62 
protoxide, 1 c. + 1 ox. 34 
sulphate, drys...) ...e00% 74 
crystallized (7 wat. ) 137 
sulphuret’! sili kis. seas 42 
Chloride of nitrogen, 4chl. + In. 158 
Columbium ? ...s.2.00% bevenavn 144 
Copper (32 TL.) i si ives ede se. . 64 
acetate, lac. + I perox., 130 
cryst. (6 water).... 184 
binacetate, 2 ac. + 1 perox. 180 


cryst. (3 water).. 207 
biphosphate, (2 water) .. 
bisulphate, (blue vitriol). . 

cryst. (10 lids 250 
bisulphuret, 1 c. + 2s.. 96 
binitrate, 1 perox. + 2 ac. 
fodide is. .sse'suadiqe ss 
perchloride, 1 c. + 2 chi. 
protochloride, 1 c. + 1 chi. 
protoxide, lc. + lox.... 72 


peroxide, 1c. + 2o0x..... 80 
subnitrate, dry, 4 perox. + 
ee eS ee eee 374 


subacetate,2 perox. + lac. 
subsulphate, 2 perox. + 


b mS wine Us Cs4 Vie oe 200 
Corrosive sublimate, see Mercury. 
Cyanogen, 1 nitr. + 2carb..... « 26 


Ether, ele ye 4 ol. gas + 1 aq. 


saurvbalict lol.gas.+1m.a. 44 
chloric, 1 ol. gas + lchlo. 43 
Fluorine ? 


eeeore e@eenaeaeveeneer eee 9 


hucind creer eens: 26 
Gluchisyes 3) ake PM Se 18 
Gold ? ee e¢@eeee eee @eeeeveoeaesee eens 200 


. chloride «sagetsiaidis ties 936 
iodide SP eae ererenerreseaere 324 
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Gold protoxide, 1 gold + lox... 208 
peroxide, 1 + 3 ...-....+- 224 

- perchloride ...... let a athid » 272 
sulphuret, 1 gold + 3 sul.. 248 
Gum, (Ure 68) ........02--000- 90 
Hydrogen .....sss0.. eres ee Ree. 
TOGINE, 0s 4 00% oo cde aud abe e co aule 124 
Tridium, (T. Yi Sheahan. oe 
OKIde ...50. ¢evaay bone 38 

EPOW A widatyarne ery ave Gath means 28 


protochloride, 1 ir. + 1chl.. 64 
perchloride, lir. +15 ..... 82 
protoxide, 1 ir. + 1 ox...... 36 
peroxide, 1 ir, + 19........ 40 
persulphate, Ipencts + ldac. 100 
protosulphuret, 1 ir. + is.. 44 
persulphuret, Lir. + 2s.... 60 
subsulphate, 4 perox. + 1 ac. 204 
sulphate, dry, 1 prot. + lac. 76 
cryst. (7 water) + 


Bead et As Gat canst woe Geind 
neetate Cary) oS Ra ey eae 162 
cryst. (3 water) ...... 189 
arsehiates dry) Wicd it ss. ss 174 
carbonate, dO... .csececcers- 134 
chlorides. !i.0 50s s fisceee 140 


chromate, dry, 1 prot. + 1 ac. 164 
bichromate, do. 1 + 2ac.... 216 


subchromate, 2 prot + lac.. 276 
deutoxide, 1 lead + 14 ox... 116 
gallate ...... ss... eas ORS 175 
Inalata, GY, 06 6285566 Sve ee 172 
molybdate, do.. reese 404 
nitrate; cryst. (no “water pat 166 
UENCE ae as gowieiwe Sas , 450 
Gualate, dry TP oes. 148 
peroxide, 1 lead + 2 ox..... 120 
phosphates Gey 205.4. ewes 140 
phosphitess (oirieloi ee sees 132 
protoxide, 1 lead + 1 ox.... 112 
BubnTrate Ess". Sek Ske ce ess 278 
sub-trit-acetate, 3 protox. + 
BO Oo ais Shas, Bb ols eis ae 386 
sulphates ary GW akan 152 
sulphite; deg Tiel 0evads 3... 144 
sulphUret. Noe sneG Tew ele es 120 
tartrate: dry” Sth ak aed 178 
Lime, 1 calcium + 1] ox........ 28 
acetates ary SoU ss ks eee 78 
AYSENIONG LPs eee ayes. es 99 
binhyposulphite, (6 water).. 130 
biphosphate, dry. ae Was ee 84 
carbonate, dO... 0... sse0.0s 60 
chlorate, do....... Pues 104 
chlorides TFL oe. c eee eee G4 
citrate, dry. .s..... See &6 
chromate, do.....s.ee-. ees 80 
hydrate, 1 + 1..... He ehis'de 37 
hydrogd. sulphuret ........ 89 
Lodate .6ab cise see ceeees 193 
muriate ..... ST Oe e 65 
cryst. 5 w.. 110 
oxalate, dry ......64.- Res sg Om 


phosphate, do, .tetsevese » 56 
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Lime, phosphite, do. -.....000.- 48 Molybdenum, protoxide . ctvesess 66 
subchloride, 21. + 1 ot) 92 T MMorphia .--dx os ¥oen ov sewitiyas 22 
(6 water)..... 146 | Nickel, (26 T. 30 B.) atcevetn: 40 
sulphate, OFF a ahenidhelseteiie's ae acetate, ulty. adinieteomt. 98 
cryst. (2 water).... 86 arseniate, ditto .......... 110 
‘tartrate ..s.csseeees owite 6h iOE carbonate, ditto........4. 62 
(A.water) 4G Sb 2i5o 130 chioride, ditto gid oie oi 76 
tungstate. ..... eh seud eats AS nitrate itto’ >, wiseahlives 4,94 

Lithia ws. osGei eee hee ges Peres 0 cry st. ded oot ain: 

; Carbonate sisscissenwq esse» © 40 oxalate, dry...... Mite, tia 76 
nitrate, Gry Pl Need Neds 72 peroxide, (38 Ts). .6e0 see. 52 
phosphates. cast. ityeievt wie. 46 protoxide, (34 T.)...,.... 48 
sulphate, ae. Sede es veivties 58 sulphate, dry % sis syea bees . 8&8 

Tibi Pees hey au be bo ewcu gs wie oho cryst. (7 water). . . 151 
PRIGHICE ys isjo6 « pho baie amie 46 sulphutetiaws. J dae fies Oe 
sulphuret ...... SRE ois 2G | Nitric oxide, 1ns 4 20.i4.0.... 30 

Magnesia, 1 magnesium + 1 ox., 20 | Nitrogen .......---..-++-eeeeee 14 

ammonia phosphate .... 93 | N itrous gas, see Nitric oxide. 
cryst. (5 wat.). 138 | Nitrous oxide, ln. + lo....... 22 
carbonate, dry, 1 + lac. 42. | Oil, olive? 2... .ccccecce cscs eae 
cryst. (Swat.). 69 | Olefiant gas......es..eee. pases (14 
coramon (see vol. i. p. px 182 |pOsmium ?.....++. Oe Ng ie 
chloride, ary Hose 21d a6 OMICS -onia:s.< bAMECREE Es 
hvdrate, 1 + lwater .. 29 Oxyren (iesecseen ink aele rs evee 8G 
FITIRCE. | s/nai'ciecaia ons ove’ SF | Palladium? 44.4004 Be Coase ww eS 
HUtrate, ALY oo,0000 lees! ZS OXIDE Ped wis ig ein wisn vene G4 
phosphate, do........+- 48 | Phosphorus.... ....+.. Se PY 12 
sulphate, do......ss.. 60 CAYMDUTES en ine edt whe 18 
cryst. (7 wat. ). 123 chloride ...... Pevves AS 
pitartrate jslc% wea easte) BF perchloride...... wee. 84 

MSOs ...4)k Gaia ce eas siebsynie sulphuret ........ Pi 26 

chloride j.\s..!..aidbwse)) 48 bi-hydruret, Lapis 

Manganese) 53.-3.00h oa ahseeeew.; 20 2B Diy dlais wale vai, Weed 14 

carbonate, 5 pie “ hydruret, 1 P. sles. 713 
lac. vo settee O00) SPIRNUM saleeeilete ah waa se 96 
chloride, 11 m. ie lchl. 64 ammonia rmutiaks wise re e% . 929 
deutoxide (brown) 1 m. bisulphuret >, ..000s.0s0. 128 

Hy Le fais lg WR aaa s Bo 40 perchloride ...... waaliy.. 168 
Oxalate, Ary acu cx waters i PELORId!s sng 2 SWORE site 112 
phosphate, do........ 64 protochloride ‘5 0.si5 4 132 
protoxide, green, 1 m. protoxide .........08.-. 104 

Ei LOK acn'e nab h OG sulphuret ...... stelwaa ots 112 
tritoxide, lm. .+ 2ox. 44 persulphuret ........-.. 128 
sulphate, 1 protox. + Potassa, dry, 1 potassium + lox. 48 

ACS uiapes SAMIR wel 76 arseniate, dry (164) ...... 110 

cryst. 5 Watessee eee L2T arsenite, do. (140)....... . 102 
LET OUEY soins nti os taleale dic hats 260 bicarbonate, do, 1 + 2ac.. 92 
bichloride (corros. “subl. ) 272 cryst. (1 wat.).. 101 
Dicyvanide, isi) 's weeeweste 202 binarseniate, dry ...... ee 172 
binitrate, 1 prot. + 2ac. 324 bichromate, do..........+- 152 
bi-persulphate, dry .... 296 binoxalate, do. 1 + 2ac.. 120 
bisulphuret (cinnabar).. 232 biphosphate, do.........-- 104 
AOdiAE "| oils cietenns season, o24 bisulphate, do..... .....- 128 
periodide...:..: Gaate ex 448 cryst, (2 wat. y.. 146 
perchloride (cory. sub.).. 272 bitartrate..... wists Figo wae BO 
peroxide, 1m. + 2 ox.. 216 cryst. (1 water).. 189 
protochloride (calomel)... 236 carbonate, 1 + lac....... 70 
protcnitrate,] prot. + lac. 262 chlorate, dry ....secseee+ 124 
protosulphaie, 1 ae + chromate, do,......0.0-+. 100 
LACS Sacha) Me eee CLT ate, Oufisievinae slew eee 106 
protoxide, 1 m. + ol Ox. 2038 hydrate, solid (1 Stes 57 
stlphate :soe sacs sessse'e° BDO hydriodate, Gry. o's wij « 0h 174 
sulphuret ....06scee008 216 iodate, do...... cvsevevves old 

Molybdenyiti, i) einsaiivled nheses 40 molybdate, dOe apereerers 120 


CHEMICAL EQUIVALENTS. 


Potassa; muriate, giv vx.we'es a eeaes 
Nitrate, NO water .......- 
oxalate, do. 1 + lac.... 
perchlorate, do.......... 
phosphate, do.......... : 
quadroxalate, do.1 + 4ac. 


85 
102 
84 
131 
76 
192 


subcarbonate, see Carbonate. 


succinate, doy sav. dias ont e196 
sulphate, d0.vsdascnseces BO 
SUIDUICs, Gay don a a) nissan 
tartrate dGwngeddid wanes » 114 
tungstate, dO..2...-..66. 198 
Potassium setincesctdie ovesiess -- 40 
Ghiotide . ewes. csc. -s /F6 
WOOO deg was bvidiiataie 164 
peroxide, 1p. + 3ox.. 64 
phosphuret, 1 + 1..... 52 
protoxide, dry, 1 +1... 48 
subphosphuret, 2 + 1.. 92 
sulphuret (various) 
BRodigny F \. << nccdina sts ache <pauees 
PIOtORINE 2/6 fa 44.525 Seals 52 
peroxide ? esse sitcc ew, 60 
CLEMINT ch. as, aacnevas PRP eee ee |) 
Selenureted hydrogen ........ a toned ad 
Sikes. Gab ess eax PS Pore ees 16 
Silicium OF AUicOM . .« +i «<tedis'e 8 
Silver hal adie en the dade tees) phtO 
chlorate, dry ...... ap eaaees 194 
chloride, do......0. Gevie etn LAB 
iodate, do.;. .siwnabwets ee cal eae 
Wide, GOsskriediteinctdalss« 4a. eae 
WUPASGs, HO gs <eeks © on Gem's 172 
owalnte, do) wb. hese ase «vis LOAF 
protpxides 1 ++ bs. pewdees 118 
suboxide, 3s. + 2o0x..... 3546 
phosphate, drys ais ssiee ews 146 
sulphate, dO... .ssesdsenees 158 
snlphutet ..« sisiesi- dake nye L2G 
Soda, 1 sodium, + lox.......... 32 
acetates, ALY nics iaottlsle-ainte te b's 82 
cryst. (6 water). 136 
amenigtt, ary gaka33 leads piso ae 
pEseTIIC, COs i asi ease ae in abe view wie BO 
bicarbonate, dos... isso 76 
_., eryst. (2 water) pee 
carbonate (sub-carb.) dry.... 54 
cryst. (10 water)... 144 
Sesquicarbonate, 2 water..... be 
Chlorate, Ary: xs. «assis sient +» 108 
chromate ..... roo aperbiegd ols OA 
hydrate 306s haa arora saie. «5 41 
hydriodate, dry . . 158 
Indate wd. ater enna tree's 197 
hitrate, dO..cssstiukwsevase OO 
oxndates Gt’. vatei sa wists sane 68 
sulphate, do.........+ ee a eae fe 
eryst. (10 water).... 162 
sulphite, dry s<iseedenviswe & G4 
tartrate, do....- Jah simy eens os 1 Fe 
tartarized, 114 + 98........ 212 
Sodium...... coy ate tack etieea « ee Bh 
chloride, ereeeneesesueeve . 60 


Sodditi, J0dIdeG).a.n.6.6 walwaia Hee ale aed 
peroxide, 1s. + 1$ ox.... 
protoxide, 1s. + l ox.... 

Stavely fF, . 44a eine de doles we diwaats 

Btrontis: ad occ de aMeea ov eeig te 
carbonate, Gry. «..seseees 
hydrate, 1 water......... 
TOMEIATE: ‘os a. ninsen fe alee wien 

cryst. 8 water .... 


Dittate, AxViwc.. ee oe 

oxalate, do....... ioe ole 

ai csaaeeled Sey Se de 

sulphate, do.. onewers 

Stronthiyi ais bec ro ve eae s. 
CHIOTIGS o/s ossie ola oe lees 

OLIGO Sone sara vu eae sheave 


Strychnia ? ....... 
Sugar (Prout 75) ....ssccceeeee 
Sulphun) cz... aaa ata eee nw since 
chloride, 1 sulph + 1 chl. 

LORNA S's .rwridaead oeloorets 
phosphuret, i .icawdeaas a 
Sulphureted hydrogen .......... 

carbon, see Carbon. 

Pariah 2 vaiig oe -nhdnale oped 
Tellurium ..... oaldn ole fd PS ce 
chloridesis:s5 4 Geld thaw 

CRAG «n'y iat sy ead 


bisulphuret aaelkes Vanier 
peroxide, 1 tin + 2 Ox. apiece wile 
protoxide, 1 tin + 1] ox. 


perchloride, 1 tin + 2chl,... 
protochloride, 1 + 1 ........ 
sulphuret «14 death ofalebsise arate 
Titanium (Thomson) ........... 
PRovORIDe.t6e) alr reaels « 

titanic acids. ..ds\ae- =i 
Tungsten... o-s0 rs senviaeecees 
bisulphuret........ ake 

oxide,,l t,. +2 ox... 
Ghanian, (44 an<en’ ain hsb winlniefeints 
ORIG! | i5/GuiGiar ys cute 

VY ALOR cn cin'a Sag «asin e465 onset 
PRU wea wax hs eiejasiaithn oh henge ihe’s 
VERIO Gay ce a enaalen ef acautivie 
DiGe i \vig ho ah sae wadins Santas Bae 
aPbon ates 5 sisi opel Komedi « Mo 
CHOrId Gis ig'ainaw DEO dae hv 
hydriodate, dry..... Ridigth sin’ 
odide’ io . widinata(a thdite Rae ide 2 
LOdake HALT» .:9 52a i. tere 
Wie, Cok ere pg 
Omatey AO iss awe ws 
oxides us aaa as woe 
phosphate, dry . seek Ye pears 
phosphuret’,...cecesceseeee 
sulphate, dry ..ssisseee- ie 


cryst. (7 —— 
sulphite, dry.. ata ad ea ne 
sulphuret ... ss e+», weeks seece 
PALCOWID, si vcie od ee. ead Pett» 2 


Zirconium e@vaegeaenagpeeaoaestnane 
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148 
36 
32 


52 
74 
61 
89 
161 
106 


\ 
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Table, showing the Proportions in Volumes of several Compounds 
whose Elements are gaseous. 


(N. B. A Table of the Specific Gravities of Gases may be found, 


Vol. I. p. 140.) * 


Name. Proportions in Volumes. t sel 
Air, atmospheric ......... .e-e. | 4 Nitrogen + 1 oxygen...... 5 
Alcohol, vapour .............. | 1 Olefiant gas + laq. vapour. | 1 
PA ANRON IB, os ¥5'95 00's 2754 Wien set 3 Hydrogen + I nitrogen /... | 2 
Aqueous vapour (steam)........ 2 Hydrogen + 1 oxygen...... 2 
Carbonic oxide gas...... PERLE 1 Vapour of carbon + oxygen} 1 
atid done dicvit. oie 1 Ditts +8. do. eae 1 
Dokl ao R GAR cb viet wsse | 1 Carbonic oxide + § oxygen.. | 1 
Carbureted. hydrogen ¢ gags ders. 2 Hydrogen +-1 carbon J, v9 1 
Carbonate sub- of ammonia... 1 Carbonic acid + 2 ammonia. | (solid) 
‘bie OF AO LEP 1 Dittd + 1 dossssea. cede ditto 
_sesqui- of do....... 1 Ditto + 1§do........... . | ditto 
Chlorine, protoxide of, gas..,... | 1 Oxygen + 2-chlorine. ..... 25 
peroxide of, do........ 2 Ditto + L-do...secssscsees 2 
Chloric acid vapour’ ............- ‘| 1gDitto + 1 do.. . piv’ 
ether Gov. 46 4 Raeehic a - 1 Olefiant gas. + L ghiariuied! 
Chlorocarbonic acid-gas......... 1 Carbonic oxide + 1 do.. 1 
Chlorocyanic acid vapour........ | 1 Cyanogen + 1 chlorine..... | 2 
Cyanogen 288.2... eee s ele cee : Nitrogen + 2carbon.......- 1 
Ether, muriatic, vapour. ....... 1 Muriatic acid gas + 2aleoh.. | 2 
stilphuric do. is. e408. . | 2 Olefiant gas + 1 aq. vapour. 1 
Fluoborate of ammonia ....... . | 1 Fluoboric acid + lammon.. | (solid) 
sub--of' dor seas ees LDittG -# V2edOu seas Bee's Were ditto 
‘Hydriodic acid gas ....-....06 | 1 Hydrogen + J iodine....... 2 
Hydrocyanic acid vapour.......-. 1 Cyanogen + 1 hydrogen.... | 2 
OGM: AE a PORE TUES, ei i 1gOxygen + J iodine......... 

_ Muriatic acid gas ....... eibiy bere 1 Hydrogen + 1 chlorine..... 2 
Muriate of ammonia ........... 1 Muriatic acid + 1 ammonia. | (solid) 
Niteic acid'vapours ... cease eee 1 Nitrogen +. 24 oxygen...... 1 
Nitrous acid do........ GUNA SS 1. Ditto! 4 BOW ye aes 1 
Elyponitrous 0.66.00 00s. eee 1 Ditto + 1 do...... is Fae. ate 1 
ANRrOUS: Dabs ob 6 Dee sd Petee ete BSG 1 Ditto + 1do..........ceee: 2 

Oxide ZaS sseeee. dead aig 1 Ditto + $ do.........6.00 1 
CNetiant: C48 ype de oh a assy . | 2 Carbon + 2 hydrogen...... 1 
Phosphureted hydrogen gas..... 2 Hydrogen + 1 phesphuret.. | 1 
Biphosphureted do. ...,......-. Li Ditte:  Midos ee Ase vee. 2 1 
Sulphureted hydrogen gas ...... 1 Sulphur + 1 hydrogen ..... 1 
Sulphurous acid do. ............ 1 Ditto + 1] oxygen......... : 1 
Sulphuric acid vapour.......... 2 Sulphurous acid + loxygen. | 2 
Sulphuret of carbon vapour ..... | 1 Carbon + 2sulphur........ 2 
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- Table of the Quantity of Oil of Vitriol (sp. gr. 1.8485), and of 
Dry Sulphuric Acid in 100 Parts by Weight of diluted Acid, 
at different Densities, By Dr. Une. 


(Quarterly Journal of Science, &c. iv. 122.) 


i > 
Liquid.| Sp. Gr: Dry. || Liquid. | Sp. Gr. Dry. ] Liguia Sp. Gr. | Dry. 


— 


| 


100 | 1.8485] 81.54)| 60 | 1.5503 53.82 32 | 1.2334) 26.09 
99 | 1.8475) 80.72]| 65 |1.5390)53.00| 31 | 1.2260) 25.28 
98 | 1.8460] 79.90|| 64 | 1.5280 52.18 30 | 1.2184) 24.46 
97 | 1.8439] 79.09} 63 | 1.5170) 51.37|| 29 | 1.2108) 23.65 

96 | 1.8410) 78.28], G2 | 1.5066] 50.55), 28 | 1.2032) 22.83 
95 | 1.8376|77.46) 61 | 1.4960) 49.74; 27 | 1.1956) 22.01 
94 | 1.8336] '76.65]| 60 | 1.4860 S802 26 | 1.1876} 21.20 
93 | 1.8290} 75.83], 59 | 1.4760) 48.11)| 25 | 1.1792) 20.38 
92 | 1.8233] 75.02], 58 | 1.4660] 47.29}| . 24 | 1.1706) 19.57 
91 | 1.8179) 74.20}, 57 | 1.4560) 46.48] 23, | 1.1626) 18.75 
90 | 1.8115] 73.39}| 56 | 1.4460) 45.66} 22 | 1.1549) 17.94 
89 | 1.8043| 72.57], 55 | 1.4360) 44.85), 21 | 1.1480) 17.12 
88 | 1.7962) '71.75]| 54 |1.4265! 44.03), 20 | 1.1410) 16.31 
87 | 1.7870] 70.941) 53 | 1.4170) 43.22) 19 | 1.1330) 15.49 
86 | 1.7774] 70.12) 52 | 1.4073) 42.40] 18 | 1.1246) 14.68 
85 | 1.7673) 69.31] 51 | 1.3977) 41.58] 17 | 1.1165) 13.86 
84 | 1.7570) 68.49}, 50 | 1.3884) 40.77], 16 | 1.1090) 13.05 
83. | 1.7465] 67.68]) 49 | 1.3788) 39.95), 15 | 1.1019) 12.23 
82 | 1.7360] 66.86]| 48 | 1.3697] 39.14) 14 | 1.0953) 11.41 
81 | 1.7245] 66.05}| 47 | 1.3612) 38.32)| 13 | 1.0887}10.60 
80 | 1.7120) 65.23]| 46 |1.3530| 37.51), 12 |1.0809) 9.78 
79 | 1.6993} 64.421) 45 | 1.3440] 36.69]| 11 | 1.0743; 8.97 
78 | 1.6870) 63.60]) 44 | 1.3845] 35.88], 10 | 1.0682} 8.15 
77 | 1.6750] 62.78], 43 | 1.3255) 35.06 9 | 1.0614) 7.34 
76 | 1.6630} 61.97], 42 | 1.3165) 34.25 8 | 1.0544! 6.52 
75 | 1.6520) 61.15), 41 | 1.3080) 33.43 Cpl OSE St7 1 
74 | 1.6415] 60.341) 40 | 1.2999] 32.61 6 | 1.0405} 4.89: 
75,..1.6421) 59-53. 991 L. 2903) 31.80 5 | 1.0336} 4.08 
72 | 1.6204) 58.71) 38 | 1.2826) 30.98 411.0268) 3.26 
71 | 1.6090] 57.89]| 37 | 1.2740) 30.17 3 |1.0206| 2.446 
70. | 1.5975] 57.08]| 36 | 1.2654) 29.35 211.0140 1.63 
69 | 1.5868} 56.26]| 35 | 1.2572) 28.54 1 1.0074! 0.8154 
68 | 1.5760] 55.45}| 34 | 1.2490) 27.72 . 

67 | 1.5648! 54.63]; 33 | 1.2409) 26.91 
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Table showing the Proportion of real or dry Nitric Acid in 
100 Parts of the liquid Acid, at successive Specific Gravities. 
By Dr. Uru.* 


(Quarterly Journal, iv. 297.) 


cpecific | Acidein 100. || Specific | scia in oo. |] Specific | acia in 100. 


Gravity. Gravity. Gravity. 

1.5000 79.700 1.5783 52.602 1,1833 25,504 
1.4980 78.903 1.3732 51.805 1.1770 24.707 
1.4960 78.106 1.3681 51.068 1.1709 23.910 
1.4940 77.309 1.3630 50.211 1,1648 23.113 
1.4910 “76.512 1.3579 A49.AI4 1.1587 22.316 
1.4880 75.715 1,3529 48.617 1,1526 21.519 
1.4850 74.918 1.347T 47.820 1.1465 20.722 
1.4820 74.121 1.3427 47.023 1,1403 19.925 
1.4790 73.324 1.3376 46.226 1.1845 19.128 
1.4760 12.527 1.3323 45.429 1.1286 18.331 
1.4730 71.730 1.3270 44.632 1,122T 17.534 
1.4700 70.933 1.3216 A3.835 1,1168 16.737 
1.4670 70.136 1.3163 43.038 1,1109 15.940 
1.4640 69.339 1.3110 42.241 1.1051 15.143 
1.4600 68.542 1.3056 41.444 1,0993 14.346 
1.4590 67.745 1.3001 ‘| 40.647 1.0935 13.549 
1.4530 66.948 1.2947 39.850 1,0878 12.752 
1.4500 66.155 1.2887 39.053 1,082] 11.955 
1.4460 65.354 1.2826 38.256 1.0764 11.158 
1,4424 64.557 1.2765 37.459 1,0708 ~ 10.361 
1.4385 63.760 1.2705 36.662 1.0651 9,564 
1.4346 62.963 1.2644 35.865 1.0595 8.767 
1.4306 62.166 1.2583 35.068 1.0540 7.970 
1.4269 61.569 1.2523 34.271 1,0485 7.173 
1.4228 60.572 1.2462 33.474 1,0430 6.376 
1.4189 59.775 1.2402 32.677 1.0375 | 5.579 
1.4147 58.978 1.2341 31.880 1.0320 4.782 
1.4107 58.181 1.2277 31.083 1.0267 © 3.985 
1.4065 57.384 1.2212 30.286 1.0212 3.188 
1,4023 56.587 1.2148 29,489 1.0159 2.391 
1.3978 55.790 1.2084 28.692 1.0106 1.594 
1.3945 54.993 1.2019 27.895 1.0053 0.797 
1.5882 54.196 1.1958 27.098 

1.3833 53.599 1.1895 26.301 


* In this Table, the real acid. in nitric acid of specific gravity 1.5 is rated at 4.8 
per cent. more than is contained in it according to Dr. Wollaston and Mr. Phillips, 
the mean of whose numbers is 25.1 water + 74,9 acid in 100 parts of acid of that 
density. ‘The numbers in the Table will, I believe, however, be very near the truth, 
if reduced at the tate of 6 per cent. Thus 6 per cent. on 79.7 is 4.7825 and 79.7 
- — 4,782 = 74.918, which is very near the true number. (H.) 
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Table of the Quantity of real or dry Muriatic Acid in 100 
Parts of the liquid Acid, at successive Specific Gravities. 
By Dr. Ure.* 


(Thomson’s Annals of Philosophy, x. 371.) 


Specific Acid in Specific || Acid in Spec'fic Acid in 
Gravity. 100. Gravity. 100. Grayity. 10 


——$—$_— 


1.1920 28.30 1,1272 18.68 1.0610 9.05 
1.1900 28.02 1.1253 18.39 1.0590 8.77 
1.1881 27.73 |F 1.1233 18,11 1.0571 8.49 
1.1863 27.45 1,1214 17.83 1.0552 8.21 
1.3845 27,17 1,1194 17.55 1.0533 7.92 
1.1827 26.88 1.1173 17.26 1.0514 7.64 
1.1808 26.60 1,1155 16.98 1.0495 7.36 
1.1790 26.52 1.1134 16.70 1.0477 1.07 
L17172 26.04 1.1115 16.41 1.0457 6.79 
1.1753 25.75 1,1097 16.13 1.0438 6.51 
1.1735 25A7 |} LOTT 15.85 1.0418 6.23 
1.1715 25.19 1,1058 15,56 1.0399 6.94 
1.1698 24.90 1.1037 15.28 1.0380 5.66 
1.1679 24.62 1.1018 15.00 1.0361 5.38 
1.1661 24,34 1.0999 14.72 1.0342 5.09 | 
1.1642 24.05 1.0980 14,43 1.0324 A.81 
1.1624 23.17 1.0960 14,15 1.0304 4.53 
1.1605 23.49 1,094] 13.87 1.0285 4.24 
1.1587 23.20 1.0922 13.58 1.0266 3.96 
1.1568 22.92 1,0902 13.30 1.0247 3.68 
1.1550 22.64 1.0883 13.02 1.0228 3.39 
1.1531 22.36 1.0863 12.73 1.0209 3.11 
1.1510 22,07 1.0844 12.45 1.0190 2.83 
1.1491 21,79 1.0823 12.17 1.0171 2.55 
1.1471 21,51 1.0805 11,88 1.0152 2.26 
1.1452 21.22 1.0785 11.60 1.0133 1.98 
1.1431 20,94 1.0765 11.32 1.0114 1.70 
1.1410 20.66 1,0746 11,04 1.0095 1.41 
1.1391 20.37 1.0727 10.75 1.0076 Lig 
1.1371 20.09 1.0707 10.47 1.0056 0.85 
1.1351 19.81 1.0688 10,19 1.0037 0.56 


1.1332 19.53 1.0669 9.90 1.0019 0.28 
1.1312 19,24 1.0649 9,62 1.0060 0.00 
1.1293 18.96 1.0629 9.34 


* The data, on which this Table is founded, were obtained by saturating 
different bases with known quantities of muriatic acid, specific gravity 1.192, 
and ascertaining the weights of the dry products. For example, 100 grains of 
such acid gave 60.61 grains of dry common salt, which, on the old theory, may 
consist of 32.31 soda + 28.3 muriatic acid, or, according to the new view, of 
24.244 sodium + 36,366 chlorine, equivalent to 37.376 muriatic acid. Ad- 
mitting then the data to be correct, the composition of muriatic acid of different 
densities will require the numbers to be altered, to suit the views of those 
who embrace the new doctrine respecting chlorine. This may be done by the 
rule of proportion; for as 37.376 : 28.3, so is any number below 28.3 in the 
Table to the sumber required, (H.) 
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APPENDIX. 


Colour of Precipitates thrown down from Metallic Solu- 
tions, by various Re-agents. 


Metals. 


Antimony 


SS eee 


Arsenic 


Bismuth 


Cadmium 


Cerium 


Chromium 


Cobalt 


Columbium 


Copper (per-salts) 


Gold 


[ridium 


4 
j 


| 


1. Proto-salts 


[ron | 


2. Per-salts 
‘Lead | 


emer | 


Magnanese 


Water impreg- 


Prussiates or Tincture of nated with Hydro- 
Ferro-cyanates. Galls. Sulphureted | Sulphurets. 
Hydrogen. 
A white oxide 
White merely from Orange range 
dilution. 
White Little change Yellow Yellow 
White Orange Black [Black 
White No change Orange Orange 
Brown, be- 
White Yellowish coming 
deep green 
Green Brown | Green 
Yellowish Not preci- 
Grass-green thie pitated Black 
Olive Orange ¥ Chocolate 
neue pedinist Brownish Black Black 
rown 
Solution turn- 
ed green. 
White Precipitate |Yellow Yellow 
brown of te- 
duced gold 
Natiecibibaté No precipitate. 
Peep"! Colour of so- 
Colour dis-| 1; ef 
bined utions dis- 
be charged 
White, chang- ae ; 
ing itd dlobives PCH aN : Pot Preck. dis él 
D tate. Black | pitated 
eep blue. “ 
White White Black Black 
. . Not preci- . 
White No precipitate. White 


pitated 
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Colour of Precipitates from Metallic Solutions, §c.— 


Continued. 
Water impreg- 
Metals Prussiates or Tincture of nated with Hydro- 
7 Ferro-eyanates. Galls. Sulphureted | Sulphurets. 
Hydrogen. 
White, chang- j Brownish 
Mercury ing to yellow Orange yellow|Black abe 6 
Molybdenum Brown Deep brown |Brown 
Nickel Apple-green —|Grayish white Dot Pret leap 
pitated 
Purple, chang- 
Osmium ing to deep 
vivid blue 
i 
Palladium - 0,7. Deep Dark brown|Dark brown 
ranget 
No precipit. ; 
but an orange|Dark green | Precipitated 
Platinum coloured one | becoming in a metal- 
by pruss. of | paler lic state 
mercury. 
Rhodium No precipitate No precipit. 
; Yellowish 
Silver White hist Bace Black 
Tellurium No precipitate) Yellow Blackish 
Tin |White No precipitate |Brown Black 
Titani Reddish Reddish Not preci- “yee 
Hanrgm brown brown “| pitated g 
eee Se a “ 
Tungsten | 
Urani Bl a. od Chocolat pda bg 
ranlum ood-re colate yellow 
Zinc White No precipitate|Yellow {White 


¥ 
* Chenevix. + Wollaston, 
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Table of Simple Affinity.* | 


OXYGEN OXYGEN. NITROGEN ULE 
ies neg —"""* | Molybdena 
Metallic bases/Titanium Oxygen attajolt 
of the alkalis|Manganese |Sulphur? 
and earths {Zinc Phosphorus. 
Carbon Tron Hydrogen POTASSA, SODA, 
Manganese Tiny’ ihe? AND AMMONIA. 
Zinc Uranium 
Iron Molybdenum Acids.. 
Tin x Tungsten | HYDROGEN, | Sulphuric 
Antimony Cobalt : Nitric 
Hydrogen Antimony Oxygen Muriatic 
Phosphorus — | Nickel Sulphur Phosphoric | 
Sulphur Arsenic Carbon Fluoric 
Arsenic Chrome Phosphorus Oxalic 
Nitrogen Bismuth Nitrogen Tartaric 
Nickel Lead | Arsenic 
Cobalt Copper Succinic 
Copper Tellurium eineaeehtl Citric 
{Bismuth Platinum 5| Lactic, 
Caloric ? Mercury — See fa te BebEoIC 
{Mercury Silver Potassa Sulphurous 
Silver Gold Soda Acetic. 7 
Arsenious Iron Mucic 
acid Copper Boracic 
Nitric oxide Tin Nitrous 
Gold CARBON. _ |Lead Carbonic 
Platinum Silver Prussic 
Garbonic- Oxygen Bismuth Oil 
| “oxide Tron Antimony Water 
ee Hydrogen Mercury Sulphur 


* This table, it may be necessary to observe, does not express accurately 
the comparative affinities of bodies, but denotes merely the actual order of 
decomposition, which, as Berthollet has shown, may often be contrary to that 
of affinity, owing ‘to the influence of various extraneous forces. A valuable 
Table of Elective Attractions, numerically represented by Dr. Young, may 
be found in the Phil. Trans. for 1809, or in Nicholson’s Journal, 8vo. xxiii. - 
354. The length of the table, and of the explanation which should accom- 
pany it, prevent me from giving it a place in this Appendix. 

+ Vauquelin’s table of the affinity of the metals for oxygen, according to 
the difficulty with which their oxides are decomposed by heat. 


TABLE OF AFFINITY. 


Table of Simple Affinity,—Continued. 


BARYTA. | 


Acids. 
Sulphuric 
Oxalic 
Succinic 
Fluoric 


Acids. 
Muriatic 
Succinic 
Acetic 
Arsenic 
Boracic 
Carbonic 


Phosphoric | Water 


Mucic 
Nitric 
Muriatic 
Suberic 
Citric 
‘Tartaric 
Arsenic 
Lactic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 
Sulphur 
Phosphorus 
Water 


Fixed oils 


STRONTIA. 


Acids. 
Sulphuric 
Phosphoric 
Oxalic 
Tartaric 


LIME, 


Acids. 
Oxalic 
Sulphuric 
Tartaric 
Succinic 
Phosphoric 
Mucic 
Nitric 
Muriatic 
Suberic 
Fluoric 
Arsenic 
Lactic 
Citric 
Malic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 

Sulphur 

Phosphorus 


MAGNESIA. 


Acids.: 
Oxalic 
Phosphoric 
Sulphuric 
Fluoric 
Arsenic 
Mucic 
Succinic 
Nitric 
Muriatic 
‘Tartaric 
Citric 
Malic? 
Lactic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 


Sulphur 


ALUMINA. 


Acids. 
Sulphuric 
Nitric 
Muriatic 
Oxalic 
Arsenic 
Fluoric 
Tartaric 


Acids. 
Citric 
Phosphoric 
Lactic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 


SILICA. 
Fluoric acid 
Potassa 


OXIDE OF PLA- 
TINUM. 
GOLD.* 


Gallic acid 
Muriatic 
Nitric 
Sulphuric 
Arsenic , 
Fluoric 
Tartaric 
Phosphoric 
Oxalic 
Citric 
Acetic . 
Succinic 
Prussic 


Fluoric Water Succinic — |Carbonic 
Nitric Fixed oil Mucic Ammonia 
* Omitting the oxalic, citric, succinic, and carbonic, and adding sulphu- 
reted hydrogen after ammonia. 
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Fluoric 


Oxalic 


Water 


iba | Acetic Tartaric 
i t | Benzoic Muriatic 
Gallic acid | Boracic Sulphuric 
Muriatic | Prussic Mucic OXIDE OF IRON. 
jOxalic |Carbonic Nitric . 
{Sulpharic | | Arsenic Gallic 
|Mucic ——————-—|Phosphoric  |Oxalic 
| Phosphoric | Succinic Tartaric 
Sulphurous joxIpEoFLEAD.|Fluoric Camphoric 
N itrie: Gallic Citric Sulphuric 
Arsenic Sulphaete Lactic Mucic 
F luoric PF Acetic Muriatic 
Mucic , ey 
Tartaric A Boracic Nitric 
pus Oxalic ; bs 4 
Citric " Prussic Phosphoric 
: rsenic . ° 
Lactic i Carbonic Arsenic 
Gace Tartaric : ‘ : 
uccinic Phos Fixed alkalis |Fluoric | 
: osphoric } : dea ed. 
Acetic Asie Ammonia Succinic 
Muriatic : A he 
1 Prussic Sulahurane Fixed oils Citric 
iCarbonic pat Lactic 
; Suberic : 
jAmmonia oe ———_ Acetic 
Nitric Bor : 
Fluoric bacegike 
—_—— Cini OXIDE oF AR-|Prussic | 
Malic SENIC. Carbonic | 
OXIDE OF MER-|q) nig 
CURY. ern Gallic 
. pn Muriatic 
iGallic acid B ‘ Oxalic OXIDE OF TIN.* 
ee enzoic . 
Muriatic Borsete Sulphuric . 
Oxalic Denclin Nitric Gallic 
Succinic rig? Tartaric Muriatic 
Carbonic 4 : 
Arsenic Phosphoric [Sulphuric 
Fixed oils : : 
Phosphoric ppb i Fluoric Oxalic 
Sulphuric HN Succinic Tartaric 
Mucic Citric Arsenic 
Tartaric | Acetic Phosphoric 
Citric Be aa ee ae Prussic Nitric 
Malic a, Fixed alkalis |Succinic 
Sulphurous ponte Ammonia Fluoric 
Nitric Gallic Fixed oils Mucic 


* Bergman places the tartaric before the muriatic. 
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Table of Simple Affinity,—Continued. 


Citric Benzoic PHOSPHOROUS 


, 2 ULPH 
Lactic Oxalic she leg if pbakege: ACID, 
Acetic Sulphuric rN itGorte rit ime! 
Boracic Nitric ; B ah: 
Prussic Tartaric Baryta Ser a 
Ammonia Mucic Lime are é bs 
Phosphoric | Potassa Sen ey 

~~ |Citric Soda heey 
OXIDEOF ZINC.|Succinic Strontia Gineinté cd 

: Fluoric Magnesia ‘adel? 
Gallic : : Alumina 

: Arsenic Ammonia : : 
Oxalic ; : Zirconia 
Sul Lt Lactic Glucina phi hai 

ulphuric Nestic ‘Alone Metallicoxides} 
Muriatie A a 
Mucic Boracic Zirconia 
Nitric Prussic Metallic oxides NTE ee 
Tartari Fixed alkalis © Sele 
artaric — Armnianit MURIATIC.—§. 
Phosphoria Baryta 
Citric ishiekans 
Succinic a 
: SULPHURIC | PHOSPHORIC |Soda 
Fluoric ’ 
: ACID. ACID. Strontia 
Arsenic “ . 

; PRUSSIC. cARBONIC.{ |Lime 
Lactic : 
Acetic Magnesia 

. Baryta Baryta Ammonia 
Boracic z é : 

: Strontia Strontia Glucina 
Prussic : ; 

; Potassa Lime Alumina 
Carbonic : ‘ 

; . {Soda Potassa Zirconia 
Fixed alkalis |y - ? MPG 
aabetoiis Lime Soda Metallicoxides 

Magnesia Ammonia 
Ammonia Magnesia . | at ae, 
pashan e ONG Glucina Glucina FLUORIC ACID. 
aiineres Yttria Alumina BORACIC—-—|| 
* {Alumina Zirconia ARSENIC q] 
Gallic Zirconia Metallic oxides|ruNGSTIC 
Muriatic Metallicoxides!Silica Lime 


® With the omission of all after ammonia. 

+ Ammonia should come before magnesia; and strontia, glucina, and 
zirconia should be omitted. 

+ Magnesia should stand above ammonia, and alumina and silica should 
be omitted. 

§ Ammonia should stand above magnesia. 

|| Silica should be omitted, and instead of it, water and alcohol be 
inserted. 


q Except silica. 
2X2 
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Baryta Zirconia Soda - Magnesia 
Strontia | Ammonia Oxide of mer- 
Magnesia . |———-————|Baryta cur 


y Potassa : Lime Other metallic 
Soda | OXALIC ACID. |Magnesia oxides 
Ammonia TARTARIC— |Alumina Alumina 
Glucina CITRIC—fF. , 

ac Alumina ———. ™ ‘ 

- Zirconia Lime. | ALCOHOL, 

{Silica Baryta CAMPHORIC |yy7, 40. 
Strontia ACID. thee 
Magnesia Li ‘ie 
Dotesca ime Volatile oil 
pe baa ag lgmaa Spe Potassa Alkaline sul- 
® { d Pa 
LACTIC Ammonia rid 3 phurets 
SUBERIC.* Alumina haat 
; , Ammonia 
Metallicoxides lowit 
Baryta Water ae SULPHU- 
Potassa Alcohol Magnesia seus 
Strontia ! Baryta , 
Lime Aso Potassa 
Ammonia~ |BENZOIC ACID. * |Soda 


Magnesia Lime Lime 

Metallicoxides| White oxide |Baryta ’ |Ammonia 
Glucina of arsenic |Potassa Magnesia 
Alumina Potassa . |Soda Zirconia. 


7 


* With the omission of strontia, tiotullig oxides, glucina, and tircom 
+ Zirconia after alumina. — 
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TABLE 


Showing the Composition of several of the principal Mineral» 
Waters. 


[N. B. The temperature, when not expressed, is to be understood to be 49° or 


50° }° Babrenheip. ] 


I. CARBONATED WATERS. 


SELTZER. Bergman, 
In each wine pint. 
Carbonic acid ............ 17 cub. in. 


Specific Gravity 1.0027. 


Carbonate of soda....... cree 4 918 
——-— of magnesia........ 5 
— of lime........ b Was aah 
Chloride of sodium .......... 17 
| ae wee 
a 29 


CARLSBAD (‘Temperature 165° Faht.) 


Berzelius. 
In-a wine pint. 
Carbonic acid ..... 5 cub. in. 
In 1000 parts by weight. 
Sulphate of soda ........ 2.58714 grs. 
Carbonate of soda....... 1.25200 
Chloride of sodium...... 1.04893 


Tite Of dv ss. nh: wiepe's 
Phosphate of do......... 0. 
Carbonate of strontia .... 0.00097 
———— of magnesia... 0.18221 
Phosphate of alumina.... 0.00034 
Carbonate of iron..-.... 0.00424 
Carbonate of manganese, a trace. 


Silica oslo e ven ess tae 0.07504 


5.46656 


Spa. Bergman, 
Specific gravity 1.0010. 
In .each wine pint. ) 
Carbonic acid ............ 13 cub, in 


= 


Carbonate of soda...... Oehoes NO gre 
———— of magnesia ...... 4.5 
— of lime eaeere eerece 1.5 


Chloride of SOGIDNT. « «« Hae e 0.2. > 
Oxide of iron pereeseeeeeses 0.6 5 # 


ad 


8.3 


Pyrmont. Bergman. 
Specific Gravity 1.0024. 
Tn each wine pint. 
Carbonic acid ........+... 26 cub. in. 


Carbonate of magnesia ...... 10. grs. 
of Time,..-,:. 0s ve doe 
Sulphate of magnesia........ 5.5 
of time. $i ees.8 8.5 
Chloride of sodium ........ 1.5 
Oxide of iron .... sescsccess 0.6 
30.6 

PovuceEs. Hassenfratz. 


In each wine pint. 
Carbonic acid ............ 30 cub. in, 


Carbonate of soda.......--. 10. grs. 
—— of magnesia ...... 1.2 

} of lime.’.2 «000s . 12. 
Chloride of sodium ........ 2.2 
Oxide'of ios 35 s22is5oee5" ee 
SICa cisco chek Hate Rees 0.5 


28.4 . 


Caibonate of magnesia..... 2.5 
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II. SutpHurretrep WaArEeERs. 


AIX LA CHAPELLE. Bergman. 


Temperature 143°, 
In each wine pint, 


Sulphureted hydrogen 4.4: 5.5 cube in, 


Carbonate of soda ........ 12. — grs. 
of lime. Via: 4.75 


ees oo 


21.75 


CHELTENHAM, Sulphur Spring. 
Brande and Parkes. 
Specifie Gravity 1.0085. 
In. each wine pint. 
Carbonic acithis solu aves. é 1.5 cub, in. 
Sulphureted hydrogen ...4 2.5 


Sulphate of soda,....ssseses 23.6 YS: 
—of magnesia .s.... 5. 

E Of LUNE s ooened BOL 6) ded 
Muriate of soda........5... 35. 
Oxid@.Of ,it0n..wice cece kes) 0.8 


65. 
LEAMINGTON, Sulphur Water. 
Scudamore. 
Specific Gravity 1.0042. 


Sulphureted hydrogen, quantity not 
ascertained. 


In each pint. 
Muriate of soda .... sess: 15. _ grs. 
Of lime . sieewe's os 7.96 
of magnesia...... 3.30 


Sulphate of soda .........- 11.60 
Oxide of iron,.........06 @ trace 


37.66 


Morrat. Garnet. 
Nitrogen...... So danas tee o> 0.5 cub. in. 
Carbonic acid..... pol Sean aoa 
Sulphureted hydrogen ....°1.2 


— 


Muriate of soda ........ 4.5 gts, 


HARROGATE WATER. 
New Well at the Crown Inn. 
(West, Quart. Journ. xv. 82.) 
_ Specific gravity 1.01286 at 69°. 


One wine gallon contains 


Sulphureted hydrogen .... 6.4 cub. in. 
Carbonic acid......2.0.25 5:25 
AZOtE 60. «  BUESIT CVE 6.5 
Carbureted ets v0 0 5) 4:65» 
32 a 
ae 


Muriate of soda s.ss.csees 135. ers: 
of lime « Pea 71.6 


—— of magnesia’ ere 
Bicarbonate of soda....+e.- 14.75 
864.25 
Old Well. 


Sp. gr. 1.01324 at 60°. 
Sulphureted hydrogen.. 14.0 cub, in. 


Carbonicacid.......... 4.25 
CA ZOMG, SIS! sip mig ncreoaty &. 
Carbureted hydrogen... 4,15 
80.4 
| Also, 
Muriate of soda..,.....6+6 752.0 gis. 
WT TMG. 5 ose en oe 65.73 
of magnesia...... 29.2 
Bicarbonate of soda.ss... 12.8 
, 859.75 


III. SarinE WaAtTERS. 


SEIDIITZ, Bergman. 
Specific Gravity 1.0060. 


In a pint. 


Of Lime, 5 cas 3% shee 
Sulphate of magnesia...... 180. 
OF LIME 2.66. os vii0), 40s 
Muriate of magnesia ...... 4.5 
LOCA 


® CHELTENHAM, pure saline. Parkes 


- and Brande. 
Specific Gravity 1.010. 


In each pint. 


Sulphate of soda .......... 15. 
— of magnesia ....... ll. 
MOE Tinae eS 536 ale 4.5 
Muriate of soda ........++. 50. 
80.5 
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LEAMINGTON, saline. Scudamore. 
Specific Gravity 1.0119. 


In a pint. 
Muriate of soda ..i:..45.. 53.75 
—— Of lime .:/5.:...5 28.64 
——. of magnesia ...... 20.16 
Sulphate of soda........... 7.83 
Oxide of iron .......+,..- a trace 
110.38 


LEAMINGTON, Lord Aylesford’s spring. 


Scudamore. 
Specific gravity 1.0093. 
In a pint. 
Mga Ol bOd aie Aieds . 12.25 
OPE 5 « as isin. «3 28.24 
of magtiesia ...... 5.22 


Sulphate of sodi.......... 32.96 
Oxide of iron ....éiac.008 & trace 


esac > 


78.67 


Briston, Carrick. 3 
Temp. 74°. Specific gravity 1.00077. 
_ In each pint. 


Carbonic acid, eesreesosee 35 cub. in. 


Carbonate of lime........ 1.5 grs. 
Sulphate of soda.......... 1.5 

— of lime.........- 1.5 
Muriate of soda .........- 0.5 


—— of magnesia...... 1. 


Batu. Phillips. 
Temp. 109° to 117°. Sp. grav. 1.002. 


In each pint. 


Carbonic acid. ...6..0.+. 1.2 cub. in. 
Carbonate of lime .......- 0.8 
Sulphate of soda.......... 1.4 

of Himes: Ce Aa. 9.3 
Muriate of soda.........- a4 
BUCA Fh) aad pa upeews oom 0.2 


Oxide of irons ».>\#es »¥ees: BATace 


16.3 


679) 

Baru. Solid contents. Scudamore. 
Muriaté of lithe. ......... 1.2 grs. 
——— of magnesia...... 1.6 
Sulphate of lime ....4.035 9.5 
— — of soda .s...... si ApstD 
PHMOR Hidnivieagk nadine PPO hc - 
Oxide of iron............ -01985 
Loss, partly carb. of soda.  .58015 


14, 


_ Buxton. Scudamore. 
Sp. gr. at 60°. 1,0006. Temp. 820. 
In’ a wine gallon. 


Carbonic acid .......... 1.5 cub. in. 
Nitrogen °...... phi as 4.64 
Mouriate of magnesia...... -58 grs. 
—— of soda Ce ee rare fe 2.40 
Sulphate of lime .......... 6 
Carbonate of do. .........- 10.40 
Extractive and vegetable 0.50 - 
Winker SPITS TTT TST. af R 
TERS Clee teeu esos ves wee ORs 
15. 

Or, according to Dr. Murray’s views, 
Sulphate of soda...... bees .iO5 
Muriate of lime .......... 0.57 
——— of soda .....ee0-- 1.80 

of magnesia -..... 0.58 
Carbonate of lime ....... . 10.40 
Extract and loss ... 5.2... 1.02 

15.00 


MatLock Batu. Scudamore. 
Temp. 68°. Sp. gr. 1.0003. 


Free carbonic acid. 

Muriates and | magnesia, lime, and 
sulphates of § soda? 

in very minute quantities not yet ascere 

tained, 


ee se 
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IV. CHALYBEATE WATERS. 


TUNBRIDGE. Scudamore. 
Specific gravity 1.0007, 
In each gallon. 
Muriate of soda........2..- 2.46 


neon OF TING | a nie n>» wees 0.59 
——-— ‘of magnesia,.:..\... 0.29 
Sulphate of lime .......... 1.41 
Carbonate of lime .......2.- 0.27 
AISAGE WE IPOD ogo so css cos 2.22 


Traces of manganese, ve-2 9 44 
getable fibre, silica, &c. 
EIDEB soo oss's capa gue abe cabs Le 


pene aes 


761 


—eee 


CHELTENHAM. Brande and Parkes. 
_ Specific gravity 1.0092. 
In a pint. 
Carbonic acid’... i... 602. 2.5 cub. in. 


Carbonate of soda....e..-.- 0.3 
Sulphate of soda ........ seca 
—of magnesia ..+... 6. 

— OF ING ae no ane ns 00, 20) 
Muriate of soda........ .-- 41.3 
Oxide'Of iron. \ds'vveeecces » OVO 


Bricuton. Marcet. 
Specific gravity 1.00108. 
Carbonic acid gas ......-.. 2% cub. in. 


ere 


Sulphate of iron............ 1.80 grs. 
— Of lime.......e0002 4.09 
Muriate of soda..... Yseieeo ck Doenes 
of magnesia,....... 0.75 


Silica @eevoeceeweaeeoreae een ean 0.14 
Loss Sictatese bniace olelaas inte be ata ® 0.19 


ee 


8.50 


HARROGATE, Oddie’s chalybeate. 
_ Scudamore. 
Specific gravity 1,0053. 
Tn each gallon. 
Muriate of soda .......... 300.4 
Of lime -305 55'S 8-w eg 2B, 
—-— of magnesia...... 9.9 


‘Sulphate of lime .........% 1.86 


Carbonate of do..........- 6.7 
——— of magnesia ....° 0.8 


Oxide of iron |... cocee 2.40 
Residue, chiefly silica. .,... 40 
344,46 
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TABLE 


‘SHOWING THE 


PRINCIPAL CHARACTERS OF THE EARTHS AND saeipsceverin 
OXIDES BEFORE THE BLOWPIPE.* 


«*, ABBREVIATIONS.—O. F. Ovidating Flame. R. F. Reducing Flame. = parts; 
equal Parts of the Assay and Flux. N.C. Nitrate of Cobali. Fl. Flaming. C. under 
the Column of either of the Fluxes parse that the Support is Charcoal. P. ¥F. Platina 
Foil. P. W. Platina Wire., A Brace § i refers to the Substances in the first Column paid, 
and includes bed those which are contained in the Space it comprehends. 


HEATED ALONE ON 


ASSAY: PLATINA. CHARCOAL. 
Alkalis ...... is 
Baryta /2y'sey. 232. Infusible Infusible 
Hydrate ......| Bubbles up and fuses Is absorbed 


Carbonate......| Fuses readily into a clear glass;| Becomes caustic, and is absorbed 
. jenamel-white on cooling 
Strontia . .....00: Infusible Infusible 
Hydrate .......| Like baryta 
Carbonate......| Fuses. with moderate heat at the 
surface, great brilliancy;  tinges 
niger R. F. red 3 becomes alkaline 
same Js. +s eeessee| Novehaugel 
Carbonate .....-| Becomes caustic and alkaline; 
emits brilliant white light 


Magnesia .......-| No change No change 4 P 
Alumina ........| No change * No change 
Ghicinasss < ic. 3 No change No change 

“Vitria... < os o's eines No change No change 
Zirconia. .2...0+0s Infusible: emits intense light Infusible ; emits intense light 
GR uu h see et an ..| No change No change 


Molybdic acid .. F. fumes and fuses; brown-yellow| Fuses, and is aeeeicn ais partly 
‘ton cooling; in R. F. blue; intense|reduced 
heat, brown 

Tungstic acid ....} R. F. blackens, but not reduced The same 

Oxide of chrome...{ No change The same 


* From Mr. Children’s Translation of ‘* The Use of the Blowpipe in Chemical Analysis, 
and in the Examination of Minerals; by J. J. Berzelius.” 
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HEATED ALONE ON 


ASSAY: 


PLATINA. CHARCOAL. 


a 


Fuses readily ; white fumes, which 
condense into pearly crystals 
Oxide of antimony| Fuses readily, and sublimes in} Fuses readily, and reduces: co- 
lwhite fumes; precipitated oxide,|lours the flame greenish 
burns like tinder into antimonious 


Antimony........ 


acid 
Antimonious acid. . 


Antimonic acid... 
F. fuses and fumes 


No change 
No change 


Oxide of tellurium. 
Oxide of columbium 
Oxide of titanium.. 
Oxides of uranium. 


Oxides of cerium.. 
Oxide of manganese 


Protoxide becomes peroxide 


Yellow while hot ; white when 
cold; does not fuse, but gives out 
great light when very hot, and white 
fumes, which condense like wool 

F. no change 


Oxide of zine ..... 


Oxide of cadmium, 


Oxide of iron.....} O. I’. no change 
Oxide of cobalt.... 
Oxide of nickel.... 
Bismuth.......... 


No change 
No change 


Oxide of bismuth| F. fuses readily, mass dark-brown, 
yellowish on cooling. In very intense 
heat reduces, and perforates the foil 


Does not fuse, nor reduces; gives 
a bright light 

Whitens $ is changed to antimo- 
nious acid 

Fuses, effervesces, and reduces 

The same 

The same 

Peroxide becomes protoxide$ 
blackens, but does not fuse 

Peroxide does not alter 

Not fused ; becomes brown in @ 
strong heat 


Soon dissipates; leaves a red or 
orange-yellow powder on the char-~ 
coal we rar = < « 

R. F. blackens and becomes mag- 
hetic 

The same 

The same : an 

Flies off in fumes, and leaves a 
mark with red, or orange edges, 
which may. be dissipated in R..F. 
without giving colour to the flame 

Instantly reduced 


R.F. peroxide does not fuse, but 
reduces in a strong prolonged heat 
Orange glass reduces into a glo- 


O. F. black globule; flows over 
the charcoal ;. under surface reduces 

R. F. reduces 5. with strong heat 
gives a bead of metal. 


Instantly reduced 


Oxides of tin...... Protoxide takes fire, ard- burns 
like tinder into peroxide 

Oxide of lead.....| Minium becomes black while hot ; 
at incipient redness, changes to yel-|bule of lead 
low oxide, fusible into orangé-colour- 
ed glass 

Oxide of copper... 

Meretiry. cscies. ooh 

Oxide of silver....| Instantly reduced 

Gold: ice. diwtsaa’s ; 

PiSUDA seat ve el 

TehdiGA fs seats 

Rhodium....... 


Palladium ..... 
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HEATED WITH FLUXES. 


AGsAy. Sopa Borax. SaL't oF PHOsPHoRUs. 
Alkalis soewee 
Daryta, .bwilieow Fuse and acecabil Fuse readily with AR wilt Po hut 

Hydrate .ssie. sorted BY the Kaarco al effervescence into a foatti and infiimi@ece 4 
Carbonate ...... ee th clear glass, which be-| (104 20@, Intumesce ; 


comes opaque by Fl. |, end in a clear glass 


Strontia..........| No action on caustic 
strontia 

Hydrate .sveves 

Carbonate .+ssss| = parts, fuses into a 
clear glass, becomes milky 
on cooling: in strong 
heat, bubbles, and ab- 
sorbed by the charcoal 


Like baryta Ditto 


Beiine wo v5 vind ahs Clear glass; opaque| Fuses in large quan- 


auker eg haa by Fl tity $ clear glass 
Fuses with efferves-| Fuses with efferves- 
cence; with more car-lcence . 
bonate clear glass; crys- 
tallizes on cooling 
Magnesia....++...| No action Like lime Fuses readily; clear 
. ‘jglass; saturated with 
magnesia, opaque on 


Carbonate s.a.s. 


cooling 
Alumina .........|. Swells up: forms an} Fuses slowly; perma-| Permanently clear 
infusible compound nently clear glass glass 
Glucina «s.:......| No action Clear glass, with a} Ag with borax 


large proportion of the 
assay 3 opaque by Fl 


EIB. isis s .o-.-| . Like glucina Like glucina Like glucina — 

Zirconia..........| Similar to glucina Like glucina Like glucina, but dis« 
solves more difficultly 

Silica. :./..s..+.s| Fuses with brisk effer-| Fuses very slowly;) Very small portion 


vescence ; clear glass [permanently clear glass [dissolves ; clear glass 
Molybdic acid.....| Ps W. — effervesces,| P. W. clear glass in) P. W. and in O. F. 


clear glass; becomes|O. F greenish glass while hot ; 
milky on cooling C. and in R. F. glass|colourless, cold 
_C. fuses, absorbed and|becomes dirty-brown, but} In R. F. becomes 
reduced not opaque opaque; dull blue while 
. ;, hot ; clear and fine green 
on cooling 


ea C. same phenomena 
Tungstic acid ....] P. W. dark yellow) P. W.andO. F. clear} O.F. yellowish glass 
glass, crystallizes on cool-|glass ; not opaque by Fl | R. F. fine blue glass 
ing ; opaque white or yel-| R. F. glass becomes 
lowish yellow 
C.and R. F. reduced 
Oxide of chrome...{ P. W.andO.F. dark-| C. fuses diffieultly,) Green glass in both 
orange glass; opaque'glass emerald-green; onjflames 
and yellow on cooling |P. W. and O. F. the 
R. Fs opaque glass colour flies, and glass be- 


green on cooling comes brown-yellow; on 
C. absorbed, but noticooling, assumes a faint- 
reduced, green tinge 


Antimony ........ a: 
Oxide of antimony| BP. W. fuses; clear co-| C. dissolves in large! P. W.and0O.F., glass 
lourless glass becomes|quantity ; glass yellow-lyellowish, hot; colour 
white on cooling ish, hot ; almost colour-ifiies on cooling 
C. is reduced less, cold. If saturated, 
part reduced and sub- 
limed; strong R. F., the 
glass becomes opaque and 
greyish 


~ 
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HEATED WITH FLUXEs. 
Sopa. ' Borax. SALT OF PHOSPHORUS. 


SS ST 


ASSAY. 


Antimonious acid, 
Antimonic acid., oo 
Oxide of tellurium} P.W. colourless glass; P. W. clear, colour-| The same 
white on cooling — less glass ; white on cool- 
C. reduced . ing 
C. becomes grey and 
opaque 
Combines with effer-| _Colourless, clear glass, Fuses easily; glass, 
vescence, but not fused|becomes opaque by Fl {permanently clear. 
orreduced . 
Fuses into acleardark-| P. W. fuses, easily ;} O. F. clear, colourless 
yellow glass; white: orjglass, colourless; be- glass 
grey-white o1f cooling,jcomes milk-white by Fl. | R. F. and on C. glass, 
and crystallizes with eyo-| R. F. glass assumes alyellowish, hot; on cool- 
lution of great heat dark amethyst colour, butjing, first red, then very 
C. not reducible transparent fine bluish-violet 
In large quantity on 
C. and R. F. glass, dull- 
yellow ; when cold, deep 
blue 


Oxide of columbium 


Oxide of titanium.. 


Oxides of uranium. 


C. brown yellow; not} P. W. dark-yellow| P.W.and O. F. clear 
fused. glass; in R, F. becomestyellow glass; cold, straw- 
dirty-green ‘ yellow, slightly green 
C. and R. F. fine green 
glass 


Oxides of cerium.. .}. .C. not fused, soda, ab-| | O. F. fine red, ordeep| O. F. fine red glass; 
sorbed ; white or grey-jorange-yellow glass; co-|colourless when cold, and 
white protoxide remainsilour flies on cooling ;|quite limpid 
on the surface cold yellowish tint. Ena- 
mel white by Fl. In 
R. F. loses its colour 
P. F. fuses, green} ©, F. clear, amethyst} The same, but colout 
glass, clear; cold, bluish-!colour glass ; colour flies|not so deep. In fusion 
green in R. F. in O. F. boils and gives 
C. not reduced off gas; in R. F. fuses 
uietly 
C. not fused, but re-) OQ. F. fuses easily,| Nearly the same 
duced, with flame; whitelclear glass’ becomes 
fumes, which cover the milky by Fl 
charcoal 
P.W. not fused = | P.W. yellowish glass,} Dissolves in large 
C, reduced, sublimes,|colour flies on cooling ;|quantity, clear glass ; on 
and leaves a circular yel-jon C. glass bubbles, cad-|cooling, milk white 
lowish mark mium reduced, sublimes, 
and leaves yellow oxide 
C. absorbed and re-} ©. F, dull red glass} Similar to borax 
duced ; not fused becomes clear and yel- 
lowish, or colourless by 
cooling 
C. and R. F. bottle- 
green glass, or bluish- 
green 
P. W. pale-red -by}| Fuses readily, deep} The same, the colour 
transmitted light; greyjblue glass appears violet by candle» 
cold light 
C. absorbed and re-{ O. F. orange-yellow,) As with borax, but the 
duced ; not fused or reddish glass; be-|colour flies almost wholly 
comes yellow, or nearlyjon cooling 
colourless, on cooling 


Oxide of manganese 


Oxide of zinc ..... 


Oxide of cadmium. 


Oxide of iron..... 


Oxide of cobalt... . 


Oxide of nickel. ... 


“ 
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HEATED WITH FLUXES. 
ASSAY. 


Borax. SALT OF PHOSPHORUS. 


Oxide of bismuth O. F. colourless glass| OO. F. yellowish brown 


R. F. partly reduced,'glass, hot; colourless, 
muddy greyish glass = but not quite clear, cold 
R. F. clear and co- 

lourless glass hot; 
opaque and _ greyish- 
black, cold ie 

Fuses with great diffi-| As with borax 

culty ; permanently clear 


P. W. effervesces, tu- 
mified, infusible mass 
C. readily reduced _— {glass 
P. W. clear glass be-| P. W. clear glass,| Clear colourless glass 
comes yellowish andlyellow, hot; on cooling, 
opaque on cooling colourless 
C. instantly reduced C. flows over the sur- 
face and reduces 
O. F. fine green glass,} O. F. similar to bo- 
hot ; on cooling, colour-|which in R. F. becomesjrax; R. F. glass usually 
less and opaque colourless, hot ; but cin-|red, opaque, and like an 
C. absorbed and re-|nabar-red and opaquejenamel 
duced when solid 


Oxides of tin...... 


Oxide of lead. .... 


Oxide of copper...| P. W. fine green glass, 


Mercury... .ccsers 


Oxide of silver.... O. F. glass becomes| O. F. yellowish glass 


milky, or opaline onjviewed by transmitted 
cooling light by day, by candle- 


R. F. greyish light reddish 
R. F. greyish 

Golde. VA, : 

Plating. ¢..seve. ts 

Tridium .. weseees: 

Rhodium.......-. 

Palladium........ 

ASSAY. WiTH OTHER REAGENTS. - RemMarRKs. 

"Alkaiis- ct tires. The alkalis are not readily dis- 
tinguishable by the blowpipe. Lithia 
leaves a dull yellow stain, when 
heated to redness .on platina foil. 
Ammonia may be known by heating 
the assay with soda: it gives off a 
pungent vapour, which turns the yel- 
low colour of moistened turmeric 
paper brown 

Baryta ..cevessare N. C.3 a globule of different 

Hydrate. ...... \ ad of red; colour flies on) 
Carbonatée......- cooling \ 


SET ONE: ee bieca® = wie 


Hydraté. 2.2005 N. C. exhibit a black, or grey- 


ish-black colour ; do not fuse 


Carbonate.....- 
AAC, cam 0.4 ee N. C. black or dark-grey mass, 
Carbonate...... ‘{ infusible 
Magnesia ........ N. C.; flesh colour when quite 
cold . 
Alumina.........| N.C. fine blue glass, with strong) The blue colour is only distinctly 
heat when cold seen by day-light 
Glucina..... ..-..| N.C. black or dark grey mass 
NIA .wadiadc.o-sino 
Zirconia...-... opi 
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REMARKS. 


WI1TH OTHER REAGENTS. 


ASSAY. 
Silica . Rye eitets rs hy? aes B C.3 blue. glass when perfectly The part not perfectly fused with 
fused ~ nitrate of cobalt, has a reddish-blue 


disagreeable colour 

In the inclined glass tube, fuses, 
gives off vapour, which condenses 
partly on the tube as a white powder, 
partly on the assay in brilliant pale- 
yellow crystals 

If tungstic acid contain iron, the 
glass with salt of phosphorusis blood- - 
red in R. F. Tin makes it green or 
blue 


Molybdic acid..... 


Tungstic acid..... 


Antimony does not sublime at the 
_|fusing point of glass, On charcoal, 
when red, ignition continues sponta- 
neously. In a tube open at both 
ends, it gives off white fumes : 


The oxide and acids of antimony 
behave alike with the fluxes 


- Metallic tellurium heated in a glass 
matrass, first gives off vapour, and 
then a grey metallic sublimate of tel- 
lurium. In a tube open at both 
ends, emits abundant fumes which 
condense in.a white fusible powder 


Oxide of chrome.. .| 
Antimony ........ 


Oxide of antimony 
‘Antimonious acid.| 

Antimonic acid.. .| J 
Oxide of tellurium. 


Oxideof columbium 
Oxide of titanium. . For the rest of the phenomena, see 


N. C. black, or greyish black henom 
the original work. 


Oxides of uranium. 
Oxides of cerium.. i oy 
A very minute portion of manga~- 


Oxide of manganese 
fodiens nese gives a green glass with soda 
Oxide of zinc ..... 
Oxide of cadmium. . 
Oxide of iron......| , The reduction of iron from the 


peroxide to protoxide is facilitated by 
tin = os 


Oxide of cobalt....] With subcarbonate of potassa, 


black glass when cold 


Oxide of nickel. .. 


Bismuth ......, 2s In a glass matrass does not sublime 


lat the fusing point of glass. In an 
open tube scarcely gives off any 
fumes; the metal becomes covered 
with a dull-brown fused oxide, of a 
slight yellowish tint, when cold 
Oxide of bismuth. 
Oxides of tin...... 
Oxide of lead. ..., 
Oxide of copper. .. 


Mercury...... ZN & All the compounds of mercury are 


volatile; mixed with tin ‘or iron fil- 
ings, and heated in a glass tube, me- 

' Italic mercury distils over - 
Oxide of silver,... 


AI PE. These metals have no action on 


Platina ......++ the fluxes, which can only serve to 
Tridium.....-.. detect the foreign metals they may 
Rhodium.. ... : f be combined with. They are best 
Palladium......J 


examined by cupellation with lead 


ADDENDA. 


Todine. 


Tue only known sources of iodine were certain vegetables 
and some marine mollusce, till Vauquelin discovered it, a few 
months since, in the specimen of a mineral sent from Mexico, 
under the name of Virgin Silver from Serpentine. The best me- , 
thod of separating the iodine from this substance was found to 
be as follows: Five parts of the pulverized mineral were heated 
with two parts of caustic potassa, and a little water to facilitate 
the mixture ; and the materials, after the evaporation of the 
water, were kept some time in fusion. ‘The mass was washed 
with water, till the latter ceased to become alkaline. A 
portion of the liquor, saturated with nitric acid, had the pro- 
-perty of rendering starch blue, when a few drops of solution 
of chlorine had been previously added. Of the portion 
insoluble by water, diluted nitric acid dissolved a part with 
effervescence; but there remained a yellowish substance resem-~ 
bling chloride of silver,which became orange coloured by heat, 
and passed to a greenish yellow on cooling. ‘This substance 
‘was iodide of silver. : 

The alkaline liquor afforded hydriodate of potassa, by satu- 
rating the alkali with sulphuric acid, evaporating to dryness, 
and adding alcohol, which took up the hydriodate only, leav- 
ing the sulphate of potassa. ‘The whole iodine, thus extracted 
from 100 grains of the ore, Vauquelin calculates at 181 grains; 
and on reviewing the composition of the ore, the other ingre- 
dients of which were sulphur, lead, and silver, he considers it 
as most probable that all the iodine contained in the native 
mineral was united with the latter metal. It is probable that, 
with this clew to more perfect analysis, iodine will be found 
in other minerals, and especially in ores of silver, for which 
metal it has, like chlorine, a strong attraction. (Ann. de 
Chim. et de Phys. xxix. 991.) ich he 
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New Compounds of Carbon and Hydrogen. 


I have been favoured by Mr. Faraday with a printed copy 
of his paper on this subject from the Philosophical Transac- 
tions for 1825, but did not receive it till it was too late to 
incorporate, in its proper place, the important information 
which it contains. Of this the following is a general outline: 

When oil gas is subjected in proper vessels to a pressure of 
about 30 atmospheres, a fluid is deposited in the proportion 
of nearly a gallon from 1000 cubic feet, which may be drawn 
off, and preserved in glass bottles of ordinary strength. It 
is a thin light fluid, sometimes transparent and colourless, at 


_ others opalescent, being yellow or brown by transmitted, and 


green by reflected light. It has the odour of oil gas. Its 
specific gravity is 0.821.’ It does not solidify at a tempera- 
ture of O Faht. It is in fact a mixture of various fluids, which, 
though they resemble each other in being combustible, and in 
throwing off much smoke when burnt in large flame, may, 
by their difference of volatility, be separated in part from each 


other. 


A portion of the liquid, distilled by the heat of the hand, 
gave about thrice its volume of uncondensed vapour, and was 
separated into a fluid which boiled more easily, and another 


-which boiled less easily, than the original one. . In taking the 
products successively at every 10° Fahr. it was observed that the 


boiling point was more constant at or between 176° and 190° 
than at other temperatures, large quantities of fluid then distil- 


ling over without any change of the degree of heat; whereas, 


in other parts of the series, it was constantly rising. | Rejecting 
what came over under 170° Faht., the subsequent products 
were received separately at every 10° up to 200° or 210°. 
These were again rectified, and the products between 175° 
and 195° collected apart from the rest, and subjected to a 
cold of 0 Faht. by means of a freezing mixture. Crystals 


_.were thus deposited, in the midst of a fluid, from which they 
were separated by bibulous paper introduced into the tube, 


and then by strong pressure between folds of bibulous paper 
cooled to 0 Faht. The substance thus obtained was distilled 
from caustic lime, to separate any water that might still spnere 
to Itusiy | 
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- Though a solid at low temperatures, yet, in common cir- 
cumstances, this compound appears as a colourless transparent 
liquid, having the odour of oil gas. Its specific gravity is 
about 0.85 at 60°. When cooled to about 32° it becomes 
solid, but fuses again when raised nearly to 42° Faht., thus 
agreeing with water, which, as is well known, may be cooled 
several degrees below its freezing point, without being changed 
into ice. During congelation, 9 parts in bulk contract to 8 
very nearly ; hence its specific gravity is about 0.956.. At 
0° Faht. it is a white or transparent solid, brittle, pulveru- 
lent, and of the hardness nearly of loaf sugar. 

When exposed to the air, it entirely evaporates. Its boiling 
point in a glass vessel is 186°. ‘The specific gravity of its « 
vapour, etereaaesl to the temperature of 60° Faht. is nearly 
40, hydrogen being 1. It is slightly soluble in water, but 
very soluble in fixed and volatile oils, in ether, alcohol, &c. ; 
the alcoholic solution is precipitated by water. It is decom- 
posed by being transmitted through a red hot tube, depositing 
carbon and yielding baie Steet hydrogen gas. It is very 
combustible, burning with a dense smoke if not well supplied 
with air, but otherwise burning’ with extreme brightness. 
When admitted to oxygen gas, so much vapour arises as to 
make a powerfully detonating mixture. It enters into union 
with chlorine, and affords both a solid and fluid, both of 
which are triple compounds of carbon, chlorine, and hydrogen, 
in different proportions. 

The action of sulphuric acid on this compound is very 
remarkable, the combination taking place without heat, with 
no blackening of the acid, and with no formation of sulphu- 
rous acid. The acid thus changed forms, when united with 
bases, a peculiar class of salts. . 

By analysis over ignited peroxide of copper, ‘the gas or 
vapour was proved to consist of so nearly 12 parts by weight 
of carbon and 1 of hydrogen, that we may consider it as a 
bicarburet of hydrogen, constituted of 

Carbon ........2 atoms....+5 6 xX 2= 12 
Hydrogen .....+ 1 atom ...seeeeseeeee 1 


Atomic weight 13 
_ For its combustion, 1 volume of the vapour requires 7.5 
VOL. II, 2¥ 


» 
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volumes of oxygen, 6 of which combine with carbon to form 
6 of carbonic acid, and the remaining 1.5 combine with 3 of 
hydrogen to form water. The hydrogen present in one volume 
is equivalent, therefore, to $ volumes, and the carbon to 6 
volumes; or a volume of the substance in vapour contains 
Carbout sui isics os es cies OK Gist BB 
» Hydrogen vi .isssegevess 1X OES 


39 
and its weight or sneette er avity will of course be 39, hydrogen 


fai ae 


¢ 


The portion incondensible from the rectified fluid by a 
cold of 0° Faht., when separated from the crystalline solid, 
boiled at 186°. In its general characters of solubility, com- 
bustibility, non-action of potassium, &c., it agreed with the 
substance already described. Its sp. gr. was 0.86 at 60°. Sul- 
phuric acid acted upon it much more powerfully than upon 
the bi-carburet, and was thickened and blackened. By ana- 
lysis, it gave 

Carbone 3. tsa clic ty Tet 

Piydigen) oie eviay ek 
But as it must necessarily have contained much bi-carburet of 
hydrogen, it is evident that if in a pure state, the proportion. 
of carbon would fall much below the above, and would pro- 
bably be as 6 only to 1, constituting a simple carburet of 
hydrogen, or true binary compound containing an atom of each 
element. | : , 
. New Carburet of Hydrogen. : 

This was obtained from the original fluid by distilling it 
with the heat of the hand, and saad gaat what came over 
by a cold of 0° Faht. The condensed liquid boiled by a very 
slight increase of temperature, and was resolved into a gas 
permanent over mercury at common temperatures. ‘This gas, 
being cooled to 0°, again condensed into a liquid, which, 
when examined ina tite hermetically sealed, had the sp. gr. 
0.627 at 54°; it is therefore the lightest fluid known. 

The gas or vapour at 60° Faht. has the sp. gr. 27 or 28, 
hydrogen being 1. When agitated with water, it is absorbed 
in small quantities. Alcohol absorbs it, and a-solution is 
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obtained, from which much of the gas is disengaged by the 
addition of water. Olive oil dissolves about six times its 
volume ; one volume of sulphuric acid conderises above 100 
volumes of the vapour, with the evolution of great heat; the 
acid is niuch blackened ; and on dilution becomes turbid, ‘but 
gives out no gas. 

One volume of the vapour consumes six volumes of oxygen, 
of which four are spent in forming carbonic acid, and two in 
producing water, On this view 4 volumes of hydrogen 
(= 4) are combined with 4-volumes of carbon (= 24) to form 
1 volume of the combustible gas, the specifie gravity of which © 
should therefore be 28, agreeing very nearly with the resiilt 
of experiment. 

Chlorine and this gas or vapour combine in nearly equal 
volumes, producing a liquid hydrochloride of carbon, which 
must contain twice as much hydrogen and carbon, as the 
liquid obtained by the similar treatment of olefiant gas. This 
liquid, exposed to chlorine in sun-light, absorbs a further por- 
tion, but no chloride of carbon is produced. ‘This is a 
remarkable circumstance, and concurs with other facts to 
show that though the elements of the new gas or vapour are 
the same, both in kind and in proportion, as those of olefiant 
gas, yet that they are in a very different state of combination. 

The following Table exhibits a view of the series of com- 
pourids of carbon and hydrogen, the fourth and fifth being 
those recently discovered by Mr. Faraday.* 


Table of the Compounds of Carbon and Hydrogen. 


Each volume Contains vol. - 
CTT WTI 
Sp. Gr. Con- Gives 
Air = 1. |sumes ox. car. ac.|Of earb. hydr. Q 
1. Bi-hydruret of carbon 0.555 | ..2 vol... 1 volj..1....2 a 
2. OleGiant 2 iit fei fe" 019728 FAIS Gow Oddy eo 2 7 
3. Superolefiant ...... 1.458 |..4.5 do...3 doj..3...53 2.8, 
4. New gas.......... 1.9443}..6 do...4do)}..4....4 1° 5 
5. Bicarb. hydrogen .. 4.7082} ..'7.5 do,..6 do.|..6....3 ° 


It has been remarked by Mr. Faraday that the phenomena, 
exhibited by oil gas, which led Mr. Dalton to infer the exist- 
ence of superolefiant gas as one of its constituents, may be 


* I omit the compound of an atom of each element as not yet suffici- 
ently made out by experiment. 
2Y2 
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equally well explained on the supposition that. oil gas consists 
of mixtures of previously known gases with the 4th and 5th of 
the foregoing table, and probably with others as yet unde-— 
fined. It must be acknowledged that the third gas of the table 
still remains to be established as a distinct species, though 
there appears to me sufficient reason to believe that it forms 
one of the series. .From the experiments of Mr. Faraday 
it may be deduced that no more volatile substance is present 
in oil gas than the one (No. 4 of the Table) require a pres- 
sure ie 4. atmospheres at 60° Faht. 

All the -vapours or gases, which are denser than olefiant 
gas, it was found, may be separated from oil gas, with consi- 
derable rates by sulphuric acid or oil. Sulphuric acid 
introduced over mercury absorbs them instantly, evolving no 
sulphurous acid, and not acting-on olefiant gas, except after a 
contact of some hours. In this way, good oil gas lost 22 or 23 per 
cent.; oil gas, after compression into Gordon’s portable lamps, 
lost 17 or 18 per cent.; and coal gas of poor quality lost about 
31. per cent. Oil may be used in a similar manner for the 
separation of these vapours, of which it condenses about 6 
times its volume at common temperatures. 

The fluid obtained from compressed oil gas, it has been 
suggested, may be advantageously applied to improving the 
quality of any gas which burns with a feeble flame. It is also 
an excellent solvent of caoutchouc, and of those substances 
which are the bases of varnishes, to the composition of which 
it is well adapted by its great volatility. 


Fluoric Acid. 

In the farther prosecution of his researches on the fluoric 
acid, Berzelius has discovered that it is susceptible of forming 
combinations, not only, as is well known, with silica and with 
boracic acid, but with titanic, columbic or tantalic, tungstic, 
and molybdic acids ;—that these compound acids, dissolved in 
water, are analogous to liquid fluosilicic acid ;—and that the 
-water may be replaced by other bases, forming distinct genera 
of salts, called fluo-titanites, fluo-tungstates, &c., the proper- 
ties of which he has investigated, and described minutely in 
the 29th volume of Annales Be Chim, et de Ehyelques p- 295, 
336. 
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Fluoboric acid he finds to be constituted of 
Fluoric acid .......0.c0008 47-942 
Boracic acid ......++..000+ 52.058 


100. 


When fluoboric acid gas is absorbed by an excess of water, 
one fourth of the boracic acid is disengaged; and the com- 
pound formed consists of fluoboric acid and hydrous fluoric 


acid. (Ann. of Phil. N.S. x. 197.) 


Boron. 


The easiest and most economical method of obtaining this 
base, Berzelius finds, is to decompose in a crucible an alkaline 
boro-fluate by potassium. The boron must be washed with a 
solution of sal-ammoniac, and finally with alcohol, because, 
when pure water is employed, a considerable portion passes in 
a dissolved state through the filter. 

Sulphuret of boron. Boron takes fire and burns, when 
strongly ignited in the vapour of sulphur. The sulphuret is 
a white opaque mass, which when put into water is converted 
into sulphuretted hydrogen and boracic acid. It appears 
probable that several sulphurets exist, but they have not yet 
been sufficiently investigated. 

Chloride of boron. Boron, as was observed by Sir H. Davy, 
takes fire spontaneously in chlorine gas, and undergoes a bril- 
liant combustion. The product, Berzelius has determined 
to be a new gas, which, brought into contact with atmos- 
pheric air, smokes as strongly as fluoboric acid gas. It may 
be freed from excess of chlorine by exposing it over mercury, 
after which it is colourless and rapidly absorbable by water. 
It consists of 

Chilorine 035 .ui2+ « seiee ss « 90.743 
BOron ys oviovccseescese NZ57 


100. 


Boracic acid, according to the same chemist, cannot be freed 
completely from water, even by protracted fusion. When 
crystallized, it contains 44 per cent. of water, of which it 
loses one half at a temperature exceeding 212°, and the other 
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half when combined: with a basis. ‘The he acid, he 
calculates to consist of f 


‘Boron eooset eat nvpoeenne 31.1896. 
Oxygen ..c..eeeeeess+ 68.8104 


100. 
(Ann. of Phil, N, S, x, 197) 


, 7 Selenium. 


In addition to the sources of selenium enumerated in 
Chapter VII. Sect. vii, several:minerals from the Eastern 
Harz, containing that substance, have been analyzed. by M. 
Henry Rose in hs following manner. All the metals, and 
the selenium also, were converted into chlorides, by exposing 
the pulverized mineral in a glass bulb to streams of chlorine 
artificially dried, for several hours, during which the bulb 
was kept gently heated by a spirit lamp. \ The chloride of 
selenium, being volatile, escaped through a tube opposite to 
the one conveying the chlorine, the extremity of which dipped 
a little into a receiver containing water, while the fixed me- 
tallic chlorides remained in thie | bulb. Fram the liquid in 
the receiver, acidulated with muriatic acid, the selenium was 
thrown down by sulphite of ammonia, and was then: collected 
upon a filter, dried, and weighed. 

The compound first Sh adyoedt by M. Rose was a Seleniuret 
of Lead, consisting of 27.59 selenium and 72.41 lead, a pro-- 
portion so Abul approaching that of 40 to 104, as to 
strengthen the probability that 40 is the true equivalent num- 
ber of selenium. No sulphur whatever was present in the 
seleniuret, for the liquid in the receiver, to which muriatic 
acid had been added, gave no precipitate with muriate of 
baryta. Beside this compound he exathined several others, 
viz. a mixture of seleniuret of lead with seleniuret of cobalt; 
seleniurets of the former metal.with various proportions of 
seleniurets of copper; and a compound of selenium with lead 
and mercury. (Ann. de Chim. et de Phys. xxix. 113.) 

M. M. Stromeyer and Haussman, also, have analyzed a 
seleniuret of lead from the Laurence Mine at Clausthal. 
Externally it had a considerable resemblance to galena. Its 
specific gravity 7.697. It fused readily before the blow-pipe, 
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giving out the peculiar odour of selenium. By heating it ina 
glass tube with a spirit lamp, selenium was sublimed from it. 
Its analysis gave of 

RAEMEES wel a Pay gin aie’ a eo TOTO 

Copal phi: oo. OS aOe! 
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perme ee 


100. 
(Ann. of Phil. x. 2338.) 


Thorinum. 


A farther investigation by Berzelius of the substance to 
which, in 1815, he had given the name of Thorina, and which 
he then considered as a peculiar earth, has now satisfied him 
that it is merely a sub-phosphate of yttria, from which neither 
pure ammonia nor carbonate of ammonia is capable of ex- 
tracting the phosphoric acid. But this acid is easily recog- 
nized by the use of the blow-pipe employed in a manner with 
which he was not then acquainted. (Annales de Chimie et de 
Physique, xxix. 363.) 

. Zirconium. 

Berzelius’s method of obtaining zirconium, by reducing 
the double fluate of zirconia and potassa, has already been 
alluded to; but it is difficult in this way to obtain the metal 
free from a small portion of hydrate of zirconia. From 
the results of an elaborate investigation, he deduces the com-. 
position of zirconia to be 


Zirconium...... 73.686 or 100. 
Oxygen ..,....+ 26.314 or 35.697 


100. 


He has examined, with great attention, the properties of 
zirconia, and several of the compounds into which it enters. 
Carbonate of ammonia dissolves the hydrate of this earth 
with great difficulty, and the solution is incomplete. The 
carbonate of zirconia is taken up more easily than the 
hydrate by the same solvent ; and to effect the solution, it is 
best to pour the liquid containing zirconia into the alkaline 


696 ADDENDA. 


carbonate by a little at once, weirine eons aay othe hadeate 
consists of 

Zirconia ....++ 87.11.0r 100. 

Water.....++. 12.89 or 14.793 


100. 


The decomposition of the hydrate by heat is accompanied, 
as Sir H. Davy had observed, by a kind of inflammation ; 
and Berzelius finds that the same property belongs to the pure 
earth. 

The method of separating opidlt of iron from zirconia, 
practised by Dubois and Silveira, has been already noticed. 
Berzelius effects the same end, by precipitating a neutral solu- 
tion of zirconia with sulphate of potassa. The oxide of iron 
remains in solution. ‘The same object may also be obtained by 
more complicated methods, which he has described in his ela- 
borate memoir. (Ann. de Chim. et de Phys. xxix. 337.) 


rr 
f ungsten. 


It had been remarked by Wohler, that when a mixture of 
tungsten, of potassa, and muriate of ammonia, is heated toge- 
ther, the tungstic acid is reduced by the hydrogen of the 
ammonia to an oxide, which separates when the mass is dis- 
solved in water. ‘This property he has applied to the prepa- 
ration of tungstic acid, in the following manner, A mixture 
of powdered wolfram and carbonate of potassa is fused ; the 
tungstate of potassa is dissolved in water, and a sufficient 
quantity of muriate of ammonia then added. The liquor is 
evaporated to dryness, and the mass fused in a Hessian cru- 
cible, till the muriate of ammonia is entirely decomposed and 
evaporated. By dissolving the fluid mass in water, a black 
powder separates, which is oxide of tungsten. ‘This is boiled 
with a weak solution of potassa, to remove a small quantity 
of acid and difficultly soluble tungstate of potassa, and then 
washed with abundance of distilled water. ‘This oxide, when 
heated in an open crucible, burns vividly, and is changed into 
a yellow powder, which is tungstic acid. 

The oxide of tungsten thus produced appears to be identical 
with that obtained by passing hydrogen gas over ignited 
tungstic.acid (page 67), though differing essentially in exter- 
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nal characters; for the latter has a fine copper colour, and 
takes a polish by friction. It takes fire in the air when heated 
below redness, and 100 parts absorb 8 parts of oxygen to be 
converted into tungstic acid, while 100 parts of metallic 
tungsten require 25 parts of oxygen for acidification. In 100 
parts of the oxide, then, we have 86.4 base and 13.6 oxygen} 
or 100 parts of tungsten combine with 15.74 oxygen to form 
the protoxide. | 

_ It is remarkable that when tungstic acid, which is not free 
from a fixed alkali, is heated in contact with hydrogen gas, 
the product is not oxide of tungsten, but tungsten in a com- 
pletely metallic state. ‘The neutral tungstate of soda under- 
goes no change when ignited in hydrogen gas; but the acid 
tungstate of that base is conver ted into a compound of soda 
and oxide of tungsten, which, when a portion of the neutral 
salt is washed off by water, assumes a bright gold colour, and 
is capable of crystallizing in regular cubes. It consists, in 
100 parts, of 86.2 oxide of tungsten + 13.8 soda. No ana- 
logous compound was obtained with base of potassa. Wohler 
believes that there are three chlorides of tungsten, but he has 
determined the composition of two only. The first is formed 
by heating the black oxide of tungsten in chlorine gas. 
The combination takes place with a disengagement of heat 
and light, and a smoke arises, which is condensed into scales 
of a yellowish white, resembling native boracie acid. By 
the action of water, this substance is converted into muriatic 
and tungstic acids. It-is therefore a chloride with the maxi- 
mum proportion of chlorine. 

The second chloride is formed, almost exclusively, when 
we heat metallic tungsten in chlorine gas; the metal burns; 
and the chloride appears either in fine needles of a deep red 
colour, or in a compact fused mass of the same colour, and 
having nearly the brilliant fracture of cinnabar. It easily 
melts, and enters into ebullition before being volatilized. Its 
composition seems to be analogous to that of the oxide, the 
chlorine in the former being equivalent to the oxygen in the 
Jatter. 

Of the third chloride, little is known, ai in one of the 
modes of its production (viz. by the action of chlorine on 
sulphuret of tungsten) it is probable that chloride of sulphur 


693: ADDENDA. 


must at the same time be formed, and be mixed with the 
resulting ener 2 caval de Chim. et de phd ei (KKIX. 


43, 

1 | Gale or Fut atau | 

OdRoadclins Hinattsie ithis metal, which he ovals to call 
tantalum, by: acting with potassium on the fluo-tantalate of 
potassa. Themixture when heated enters into ignition, fluate of 
potassa is formed, and may be separated by water from the 
revived tantalum. ‘The colour of the metal is perfectly black, 
but when dried it takes a polish by friction, and becomes of 
an iron-grey colour. It is an extremely bad conductor of 
electricity. “Itis not attacked either by nitric or muriatie acid 
separately applied,:and in a very slight degree by nitro- 
muriatic acid. \ Sulphuric acid has no action on it, even at a 
boiling heat, or when mixed with nitric acid. Fluoric acid 
dissolves it with an extrication of hydrogen gas, and the mix- 
ture becomes hot. 

When the metal is heated, it catches fire before becoming 
red-hot, and burns vividly, at the same time that it is con- 
verted into tantalic acid; but as several circumstances pre- 
vent the increase of weight from being accurately determined, 
Berzelius investigated the composition of the acid by acting 
upon. the sulphuret, artificially prepared. In this way, he 
ascertained the composition of tantalic acid to be 

‘Tantalum. ..........+..+ 88.487 or 100. 
Oxygen IO eee 11.518 or 13.011 


100. 
Precipitated from muriatic acid by potassa, and cboia a a 
gentle heat, tantalic acid forms a hydrate consisting of 
~Rantalic. acids «a's's'edina o1e 50S 
WNOLES cicld (hes waeini dee) Meeedie 


a 


100. 
- And the oxide, containing two-thirds of the oxygen in the 
acid, is composed of 
Tantalum .......... 92.019 or 100. 
OX VEEN s snsm oe ee aaicwiger Ok OF o S014 


1d. uae tO) £0) i ¥dyoor) 3 t Bo 
(Annales de Chimie et de Physique, xxix. $03.) 
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[ i jetotede ideas Udntemongen id O28 weiosocy i 
There is an inconsistency in the ‘statement of the composi- 

tion of chloride of antimony given in p. 75 of this volume, 
_the theoretical numbers not agreeing with the experimental 
results, which are those of Dr: John Davy, and which would 
make the atomic weight of antimony, as deduced from its 
chloride, nearly 55. But as this compound is converted by 
water into protoxide and muriatic acid, it follows that the 
chloride and protoxide must have a similar atomic constitu- 
tion. ‘M. Rose has, therefore, been induced to submit the 
solid chloride to a fresh analysis, the principal object of which 
was to determine its proportion of chlorine by the product of 
chloride of silver. By the method which was employed, the 
latter compound could not be obtained free from a little sul- 
phuret of silver; but without correction for this circumstance, 
chloride of antimony was inferred to consist of , 

Chlorine....,......46.73 or 1 atom = 36 

Antimony ........ 53.27 or l atom = 41.04 — 


100. 

This would give 41 for the equivalent number of antimony, 
but we may consider that deduced from the pr sig age { aay as 
now entitled to greater confidence. 

Another chloride of antimony, according to M. Rose, is 
obtained by passing a current of dry chlorine gas over heated 
reculus of antimony. The antimony burns, emitting vivid 
sparks, at the same time that it yields a highly volatile liquid, 
which smokes in the air precisely like the fuming liquor of 
Libavius, described in page 42 of this volume, with which it 
agrees also in forming a crystalline mass when a little water 
is added. When the new chloride is more largely diluted 
with water, it becomes hot, and deposits a powder which is 
the hydrated peroxide of antimony or antimonic acid, constituted 
of 1 atom of metal + 2 atoms of oxygen. As the chloride 
then is changed into'this oxide and muriatic acid, it must 
necessarily be constituted of 1 atom of antimony and 2 atoms 
of chlorine. . | 3 

The substance obtained by acting on sulphuret of antimony 
with chlorine gas, M. Rose finds to be a mixture of the proto- 
chloride of antimony with chloride of sulphnr. 
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Proceeding to the examination of the sulphurets, M. Rose 
agrees with Berzelius as to the composition of the proto-sul- 
phuret, whether found native, or obtained by passing sulphu- 
retted hydrogen through a solution of tartarized antimony, or 

through chloride of antimony, diluted with water, to which 
tartaric acid has been added to prevent precipitation. Kermes 
mineral, he asserts too, has the same composition. 

_ The deuto-sulphuret of antimony is obtained by passing 
sulphuretted hydrogen through a solution of the deutoxide, 
which is best prepared by dissolving antimony in aqua regia, 
and evaporating the solution to dryness. The peroxide thus 
formed is, by ignition, converted into deutoxide; this is to be 
fused with caustic potassa, and the fused mass heated with 
muriatic acid and water, till a clear solution is obtained, which 
is to be decomposed by a current of sulphuretted hydrogen 
gas. . 

The persulphuret, or trito-sulphuret, is identical with the 
golden sulphuret of antimony. It may be procured, by well 
known processes, and also by one contrived by M. Rose, 
which consists in passing sulphuretted hydrogen through the 
perchloride of antimony diluted with water, to which tartaric 
acid has been added to prevent the water from causing preci- 
pitation. (Ann. de Chim. et de Phys. xxix. 241.) 

It may be necessary to observe to those who may consult the 
original memoir, that the atomic constitution, therein assigned 
to the above compounds of antimony, differs from that which 
I have given, because M. Rose has adopted the atomic weight 
ascribed by Berzelius to antimony, viz. 16.130 (oxygen = 1,) 
equivalent to 129.040 on the hydrogen scale. The protoxide, 
deutoxide, and peroxide, he considers as constituted respec- 
tively of 1 atom of metal + 3, 4, and 5 atoms of oxygen; the 
protochloride of 1 atom of metal + 3 atoms of chlorine, and 
the perchloride of 1 atom of metal + 5 of chlorine; and the 
sulphurets to have a composition analogous to that of the 
oxides. ‘This method of viewing the compounds of antimony 
has been devised by Berzelius in order to avoid the anomaly 
of the fraction of an atom of oxygen and sulphur, in the 
deutoxide and deutosulphuret; but his numbers have not 
been adopted in this country. 
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Titanium. 


M. Rose has contrived the following method of separating 
titanic acid from oxide of iron, with greater accuracy than had 
before been attained. To a solution of titanic acid and of 
oxide of iron in muriatic acid, add a sufficient quantity of 
tartaric acid; dilute with water; and pour in a considerable 
excess of pure ammonia. No precipitation will ensue; but 
on the addition of fresh made hydrosulphuret of ammonia, 
which has no action on titanic acid, all the oxide of iron is 
converted into sulphuret, and falls down in that state. This 
is to be carefully washed with water, to which a few drops of 
hydrosulphuret of ammonia have been added, till the preci- 
pitate is freed from tartrate. It is then to be redissolved 
in muriatic acid, and heated, to drive off the sulphuretted 
hydrogen ; nitric acid is to be added, to peroxidize the iron; 
and the peroxide is then thrown down by ammonia. The 
titanic acid may be obtained from the solution, thus freed 
from iron, in a state of purity (provided no other fixed sub- 
stances are present) by evaporating to dryness, and igniting 
the saline mass in contact with the air, till all the volatile 
salts have been expelled, and all the carbonaceous matter of 
the tartaric acid has been burned off. This method may be 
advantageously applied to the preparation of titanic acid, from 
minerals containing that acid and protoxide of iron (such as 
menachanite and iserine), after pulverizing and dissolving 
them in concentrated muriatic acid. (Annales de Chim. et de 
Phys. xxix. 130.) 
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Acetate of alumina, ti. 376 
ammonia, ii. 374 
baryta, ii. 375 
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lead, ii. 120 
lime, ii. 374 
magnesia, ii. 376 
potassa, ii. 373 
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soda, ii, 373 
strontia, ii, 375 
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analysis of, ii. 371 
specific gravity no test of 
its sfength, ii, 330 
properties of, ii, 371 
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ether, ii, 357 
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» boracie, i, 364 
*camphorie, ii, 239 
+ carbonic, i. 343 
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panying, i. 42 
Adipocire, ii, 407 
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Affinity, chemical. See Chemical 
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of aggregation, i, 28 
elective, i. 52 
resulting, i. 61 
elementary, 1. 61 
disposing, i. 62 
complex, i, 67, 68 
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quiescent, i. 68 
divellent, i. 68 
simple, table of, ii. 672 
Air, expansion of, by heat, table of, 
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i. 137 
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Aix la Chapelle water, ii. 678 . 
Albumen, properties of, il, 385 

tests of, ii. 387 

not chemically altered by 


heat, ii, 386 
cause of the coagulation of, 
ii. 389 


composition of, ii. 390 
galvanism, a test of, ii, 390 
vegetable, ii. 269 
Alcohol, quantity from malted and un- 
malted grain, ii. 259 
theory of conversion of anger 
into, ii, 352 we 
table of force of its vapour, 
ii. 646 
effect of heating in glass 
tubes under pressure, i, 132 
preparation of, ii. 335, 339 
not generated by distillation, 
ii, 336 
boiling point, ii. 345 
- quantity of, contained in dif- 
ferent liquors, i ii. 338 
properties of, ii. 340 
mixture of water with, ii. 340 
combustion of, ii, 344 
expansion of, ii. 345 
substances Big ed in, it. 346 
solubility of salts in, ji, 346, 
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analysis of, ii. 348 
composition of, ii. 349 
action of acids on, i}. 352 
use of, as a test, ii. 540 
mode of ascertaining its pu- 
tity, ii. 620 
_ and. water, table of specific 
gravity of different mix- 
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> Alcohol, solubility of substances’ in,. Ammonia, sub-carhonate of, mode of ? 


ii. 346, 657 


substances insoluble in, ii, 
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of sulphur, i. 465 
ri bane i, 381 
Alembic, i, 6. 
Algaroth, powder of, ii. 75 
Alkali, silicated, i. 644 
volatile, 
Alkalis, properties of, i. 513 
defined, i. 209 


analysis of the fixed, i. 516 


See Ammonia. 


ascertaining its purity, 
and that of its solution, 
ii. 608 
bicarbonate of, i, 417 
its use as 
a test, ii. 526 
« sesqui-carbonate of, i. 417 
sulphate of, i. 419 
hydrochlorate of. See Mu- i? 
riate, . 
sulphite of, i, 419 ’ 
hydrosulphuret of, i. 444 


action of, on metals, i. 492 its use 


native vegetable, ii. 297 
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tests of, ii, 522 
Alloys, i. 497, 509 


apt to separate when in fusion, 


i, 508 


terminology of, ii. 509 

their ingredients exist in defi- 
nite proportions, i, 509 

qualities of the metals altered 


in, i. 509 
Alum, i. 631 


component parts of, i. 633 
mode of ascertaining the purity 


of, ii. 613 


Alumina, attempt to decompose, i. 627 
method of obtaining, i. 627 
its properties, i. 627 


as a test, ii. 540 
hydrogureted sulphuret of, 
i. 448 
nitrate of, 1.416 
muriate of, i, 414 
action on sul- 
phuret of carbon, i. 470 
mode of ascer- 
taining its purity, ii. 610 
chlorate of, i. 413 
solution of copper in, il. 
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oxalate of, ii, 206 
important asa 
test of lime, ii. 525 
citrate of, ii. 215 
acetate of, ii. 374 
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sulphate of, i. 634 
nitrate of, i. 631 
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acetate of, ii. 376 

tests of salts of, ii. 537 
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Amadou, i. 136 
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Ambergris, ii. 402 
Ambreine, ti. 402 
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specific gravity of, i. 406 

may. be 
mixed with oe r: 
All 
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analysis of, 1,410 
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inflamed when 


phosphate of, i. 419 

succinate of, as a test, 
il. 537 

tests of, ii. 494 

solution of, method of as- 
certaining its purity, ii. 
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Ammoniaco-magnesian sulphate, i, 622 


phosphate, i. 620 


Ammoniurets, i, 492 

Amnios, liquor of the, ii. 457 
Amniotic acid,ii, 416 — 
Amyline, ii. 262 

Analysis, term defined, i. 40 


proximate and ultimate, i. 


AO 
ultimate of organic sub- 
stances, ii. 177 
apparatus for, 11, 182 
of earths and stones, ii, 556 
inflammable fossils, 11,576 
of gases, ii. 492 
lime, ii. 622 
marls, ii, 624 


, ° sorbed by water, i. 408 
quantities in solutions of 
different densities, i. 409 
salts with base of, i. 413 


minerals in general, it. 550 
mineral waters, ii. 515 ‘ 
ores, ii. 577 

salts, ii. 554 


sub-carbonate of, i. 417 | Anhydrous, term defined, i. 224, n. 
2 mode of Animal jelly. See Gelatine. : 
preparing, i. 417 oil, ii, 404 
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Animal substances, ii. 378 
method of staining 
black, ii. 137 
analysis of, ii, 379 
proximate, ii, 380 
Antimoniates, ii, 75 
Antimonic acid, ii, 75 
Antimonious acid, ii. 74 
Antimonites, ii. 75 
Antimony, ii. 71, 699 
mode of obtaining pure, 
ii, TL 
oxides of, ii. 72 
acidifiable, ii. 74 
chloride, ii. 75, 699 
salts of, ii. 75 
phosphate, ii, 76 . 
golden sulphur of, ii. 78 
' sulphurets of, ii. 77, 700 
glass of, ii. 77 
mode of ascertain- 
ing its parity, 
il. 613 
hydro-sulphureted 
of, ii, 77 
action of acids on, ii. 75 
alloys of, ii. 78 
analysis of ores of, ii. 582 
tartarized, ii. 76 
mode of ascer- 
taining its purity, ii. 614 
Ants, acid obtained from, ii. 419 
Apparatus, chemical, i. 2 
Woulfe’s, i. 8 
Cuthbertson’s, i, 248 
Aqua fortis, specific gravity of, i. 326 
mode of ascertaining the 
purity of, ii, 604 
See Nitric Acid. 
regia, i, 331 
Arbor Diane, i. 509 ; ii 138 — 
Archil, ii, 282 
Argentine flowers of antimony, ii. T2 
Arrow root, ii. 265 ° 
Arseniates, ii. 53 
Arsenic, mode of obtaining, ii. 50 
properties of, ii. 50 
tinges copper white, ii. 58 
properties of white oxide of, 
ii. 50 
chloride, ii. 54 
sulphurets of, ii. 56 
analysis of ores of, ii. 582 
method of discovering, ii. 588 
compound of hydrogen with, 


oxide 


ii. 55 
acid, mode of obtaining, ii. 
52 


properties of, ii. 52 
Arsenites, ii, 51 
Arsenous acid, ii. 51 
Arsenureted hydrogen gas, ii, 55 
Asparagin, ii, 324 


INDEX. 


A sy halieant, ii. 318 

Atmospheric air, 1.286 
weight of, i, 297 
composition of, i, 293 
Dalton’s theory of, i. 


299 
contains carbonie 
acid, i. 352 


Atomic theory, i. 43 : 
objections to it, i, 49 
references to essays. 

on, i. 50, n. 
multipliers, ii, 561 
weights, table of, ii. 661 

Atoms, i. 27, 44 

simple, i. 27 

compound, i. 27 

component, i, 27 

elementary, i. 27 

organic, i. 45 

figute of, i. 44 

ultimate of bodies, weight of, 
i. 44, AT; ii, 635 

Atropia, ii, 306 

Attraction, i. 27 

Aurum musivum, ii. 45 

Azotic Gas. See Nitrogen. 


B 


Balances, i. 12 
Baldwin’s phosphorus, i. 586 
Balloons, i. 244 
Balsams, ii. 254 
Barilla. See Soda, Carbonate of. 
Barium, i. 595 
peroxide, use of in oxygene~ 
ating water, i. 263 
peroxide, i. 597 
chloride, i, 598 
Barks, table of quantity of tanin dif- 
ferent sorts, ii. 286 
Barometer, rules for reducing gases to 
a mean height of, i. 25 
Baryta, hydrate of, i. 597 
hydriodate, i, 600 
iodate, i. 600 
hyposul phite, i. 605 
ferrocyanate, i. 608 
analysis of, i. 596 
properties of, i. 596 
carbonate of, i. 601 
mode of disco- 
vering, ii. 597 
’ sulphate of, i. 605 
method of peeguring pure, 
i. 603 
phosphate of, i. 604 
sulphite of, i. ROB: 
nitrate of, i. 601 
muriate of, i. 598 
as atest, ii. 533 
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Baryta, chlorate of, i. 599 
oxalate and superoxalate of, 
| ii. 207 
acetate of, ii. 375 
its use as a test, 
ii. 533 
use of, as a test, ii. 528 
test of, ii. 597 
Base, term explained, i. 490 
Basis, in dyeing, what, ii. 275 
Bath water, ii, 679 
Baumé’s hydrometer, degrees of, re- 
duced to the common standard, ii. 
638 © 
Bell-metal, ii. 46, 111 
Benzoates, use. of asa test, ii, 538 
Benzoic acid, ii. 235 
use of as a test, ii. 538 
mode of ascertaining the 
purity of, ii. 607 
Bi-carbonate of potassa, i, 544 
. soda, i. 565. 
ammonia, i. 417 
Bi-carbureted hydrogen. See Olefiant 
Gas. 
Bi-sulphate of potassa, 1.551 
Bi-tartrate of potassa, ii. 230 
Bile, resin of, ii, 401, 439 
of the ox, ii. 437 
peculiar matter in, ii. 439 
yellow matter of, ii. 442 
component parts of, ii, 440 
of other animals, ii, 440 
human, ii. 441 
calculi of, ii. 442 
Binowalate of potassa, ii, 205 
Bismuth, properties of, ii. 93 
oxide of, ii. 94 
chloride of, ii. 94 
salts of, ii. 95 
action of acids on, ii. 95 
- sulphuret of, ii. 96 
alloys of, ii. 96 
its fumes destroy the ducti- 
lity of gold, ii. 97 
analysis of ores of, ii. 582 
Bi-sulphureted hydrogen, i. 446 
Bitter principle, ii, 295, 488 
artificially formed, 
ii, 488 
Bitumen, elastic, ii. 318 - 
Bitumens, ii. 313 
Black dye,.for animal substances, ii. 
137 
- vegetable substances, 
ii. 283 
flux, ii. 586 
Black’s furnace, i. 3 
Black-lead, ii, 38 
Bleaching, ii. 274 
powder, i, 582 
Blende, ii. 19 
phosphorescent, ii. 19 
Blood, absorbs oxygen, i. 210 


Blood, appearances of, ii. 421 
coagulation of, ii, 422 
serum of, ii. 429 
serosity of, ii, 423 
crassamentum of, ii. 425 
fibrin of, ii. 45 
red globules of, ii. 426 
its colour not owing to iron, ii. 
428 
its colouring matter may be 
enmployed as a dye, ii. 427 
action of gases on, ii. 429 
effects of respiration on, ii. 430 
acts on the air through the skin, 
ii. 433 
its uses in the animal economy, 
ii. 433 
Blow-pipe, use of in examining mine- 
rals, ii, 585 
table showing the charac- 
ters of various bedies 
before, ii. 681 
Blow-pipes, i. 12 
with oxygen and hydrogen, 
i. 241, 665 
Blue, prussian, ii. 29 
nature of, ii. 29 
Boa constrictor, excrement of the, ii. 
All 
Boiling point, i. 113 | 
varied by pressure, i. 


of different substances, 
ii, 641 
Boletic acid, ii. 240 
Bolognian phosphorus, i i. 607 
Bones, ii. 479 
human, ii, 480 
distillation of, ii. 479 
analysis of, ii. 480 
Boracic acid, mode of obtaining, i i. 363 
properties of, i. 365 
compound of fluoric 
with, i. 366 
test of, ii. 532 
mode of ascertaining 
the purity of, ii. 606 
composition, ii. 693 


Borate of soda, i. 566 


mode of ascertaining 
the purity of, ii.613 
Borax, i, 566 
Boron, i. 3633; ii- 693 
Brain, analysis of the, ii. 489 
Brass, ii, ¥11 
Brazil wood, as a dye, ii. 282 
infusion of, as a test, ii. 
522 
Brighton water, ii. 680 
Bristol water, ii. 679 
Bronze, ii. 111 
Brooke's blow- “pipes i. 13 
Broth, ii. 484 
Brucia, ii. 504 
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Butirine, ti. 446 
Butter, ii. 445 
of antimony, ii. 75 
bismuth, i il. 94 
zinc, ii. 15 
Buxton water, ii, 679 


C. 


Cabbage, red, acid tincture of, as a 
test, ii, 522 
Cadmium, ii. 46 
Caféa, ii. 312 
Cajeput oil, ii. 270 
Calamine, i ii. 18 
Calcium, i. 575, 
peroxide of, i. 579 
chloride of, i. 580 
iodide of, i. 581 
fluoride of, i, 283 
sulphuret of, i. 581 
phosphuret of, i. 581 
Calculi, urinary, ii. 469 
varieties of, ii. AT1 
of brutes, ii. 478 
biliary, ii, 442 
Calico-printing, ii. 274 
Calomel, ii. 126 
mode of ascertaining its pu- 
rity, ii. 615 
Caloric, general observations on, i, 77 
repulsive, i. 78 
expands bodies, i. 19, 8T~ 
tends to an equilibrium, i. 80 
moves immeasurably quick in 
all directions, i. 81 
conducting power of bodies 
for, i. 84 
absorbed in liquefaction, i. 
84 
given out by increasing the 
density of bodies, i, 84 
whether chemically combined 
when latent, i. 85 
capacity for, i, 85 
absolute quantity of, i, 86 
reflection of, i. 99, 477 
refraction of, i, 101 
abseorption of, i, 102 
conductors of, i. 103 
the cause of liquidity, i. 109 
given out by liquids on be- 
coming solid,i. 112 
evolved during the separation 
of a salt from its solution, 
i. 113 
the cause of vapour, i. 113 
its particles repulsive, i. 117 
2 absorbed in evaporation, i, 
123 
evolved during the condensa- 
tion of vapour, i. 126 


INDEX. 


Caloric, the whole quantity ina body 
cannot be measured, i. 
128 
chemically combined in gases, 
10135, 
evolved from gases by me- 
chanical pressure, i. 137 
probably identical with light, 
i. 157 
generally absorbed during so- 
lution, i. 260 | 
charcoal, a very slow cons 
ductor of, i. 339 
table of effects of, ii. 640 
expansion of air by, ii. 647 
liquids by, ii. 
648 
water by, ii. 648 
solids by, ii. 650 
specific, i. 146 
free, effects of, i. 87 
latent, i. 84, 197 
apparatus for showing 
the most important 
facts respecting, i. 
127 
of fluidity, i, 108 
radiant, 1, 81, 99 
Calorimeter, i. 109 
Camphor, ii. 249 
acidification of, ii. 250 
artificial substances resem- 
bling, ii, 250 
Cannel coal, ii, 320 
Canton’s phosphorus, i. 160 
ae liz 269 3%; 
preparation of ether for 
dissolving, ii. 359 
soluble in cajeput oil, ii. 
270 
analysis, ii. 271 
mineral, ii, 318 
Capacity for caloric, i. 85 
Carbon, i. 334 
combustion of, i. 340 
vapour of, its density, i. 344 
compounds with chlorine, i. 
356 
hydrogen, i. 
420 


ydeoe chloride of, i, 427. 
ii, 691 

hydro-iodide of, i. 427 

sulphuret of, new acid form- 
ed from, i. 468 

gaseous oxide of, i. 353 

compoundsof hydrogen with, 
i. A420 

newly discovered do. ii. 688 _ 

compounds of chlorine with, 
i, 362 

bi-sulphuret of, i. 465 

phosphuret of, 1, 369 


INDEX. 


Carbonate of ammonia, i. 417 
baryta, i. 601 
copper, ii. 105 
iron, ii, 29 
lead, ii. 120 
lime, i. 586 
magnesia, i. 617 
potassa, i, 544 
soda, i. 563 
strontia, i. 611 
yttria, i. 626 
Carbonic acid, i. 343 
composition of, i, 344 
method of procuring, i, 
346 
liquid under pressure, 
i. 346 
properties of, i, 346 
tests of, ii. 527 
gas, quantity of, ab- 
sorbed by wa- 
ter, i. 349 
weight of, i, 348 
its effects on vege- 
tation, i. 353 
its combination with 
chlorine, i. 362 
Carbonic oxide, i. 353 
method of procuring, 
i. 353 
properties of, i. 354 
Carbo-sulphurets, i. 465 
Carburets, i, 508 
of iron, ii. 36 
of nitrogen, i, 451 
Carbureted hydrogen, quantity of, ab- 
sorbed by wa- 
ter, i. 422 
several varieties 
of, i. 420 
methods of pro- 
curing, i, 422 
combustion of, i, 
423 
specific gravity 
of, i. 422 
action of chlorine 
on, i. 424 
Carlsbad water, ii, 677 \ 
Carmine, how mande, i ii, 284 
Cartilage, ii. 482 
Caseic acid, ii. 448 
oxide, ii, 449 
Cassius, purple powder of, ii. 150 
Castor, ii, 403 
Catechu, ii. 286 
Cathariine, ii. 333 
Caustic, lunar, ii. 136, 617 
Cawk, i. 607 
Cerasin, ii. 192 oi 
Cerin, ii, 295 
Cerium, ii. 83 
how procured, ti. 83 
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Cerium, action of acids of, ii. 84 
analysis of ores of, ii. 584 
Cerulin, ii. 281 
Cerumen, ii. 402 
Ceruse. See White Lead, 
Cetic acid, ii. 406 
Cetine, ii. 406 
Chain of cups, galvanic, i, 168 
Chalk, i. 586 
Chameleon mineral, ii, 11 
Charcoal, i. 334 
how obtained, i. 335 
quantities afforded by differ- 
ent kinds of wood, i. 336 
its properties, i. 337 
imbibition of gases by, 1.337 
resists putrefaction, i. 338 
a slow conductor of caloric, 
i. 339 
fusible by galvanic electri-« 
city, i. 339 
how prepared for making 
gunpowder, ii, 272 
See Carbon. 
Cheese, ii. 446 
Cheltenham waters, ii. 678, 680 
Chemical laboratory, i. 1 
elements, new system of, i, 
“ 4A 
apparatus, i. 2 
affinity, i. 28, 38 
how exerted, i. 38 
causes that modify 
its action, i, 54 
if not modified, 
would unite bo- 
dies in all propor- 
tions, i. 60 
estimation of its 
forces, i. 63 
experimental illus- 
. trations of, i. 70 
equivalents, table of, ii. 635 
Chlorate of ammonia, i. 413 
baryta, i. 599 
lime, i. 585 
potassa, i. 533 
soda, i. 561 
strontia, i, 611 
Chloric ether, i. 426; ii, 356 
acid, i. 219 
how procured, i, 220 
properties of, i. 220 
Chloride of nitrogen, i. 332 
carbon, i. 356 
phosphorus, i. 378 
sulphur, i. 400 
sodium, i. 559 
~ boron, ii. 693 
Chlorides, i. 497 
of metals, table of, i. 500 
of silver, ii. 134 
‘effects of light on, i, 158 
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Chlorides, lead, ii: 117 
lime, i. 582 
Chlorine, i. 210 
protoxide of, i, 216 
peroxide of, i. 217 
hydrate of, i. 213 
theories of, i. 276 
and hydrogen gases, effects of 
different coloured light on, 
i, 159 
pure, condensed into aliquid, 
ons 213 
combined with nitrogen, i. 
332. 
hydrogen, 1. 
266 
actiofi on ammonia, i. 411 
metals and their 
oxides, i. 497 
carbon and its compounds, 
i 356 
boron, i. 365 
sulphur and its compounds, 
i. 400. 
Chlorine gas, i. 210 
how formed, i. 211 
its properties, i: 212 
condensible into a solid, 
i, 212 
absorbable by water, i. 
215 
Chloriodés, i. 226 
Chloriodates, i. 226 
Chloriodic acid, i. 226 
Chlorophane, i. 160 | 
Chloruret of iodine, i. 226 
Chlorures or Chlorurets, i, A97 
See Chlor ides. 
Cholesterine, ii. AAS 
Chromium, ii. 61 
analysis of ores of, il. 584 
Chromate of lead, ii. 64 
: of potassa, ii. 63 
~ of tron, ii, 61 
Chromic acid, ii, 63 
Chyazic acid, ferrureted, i. 462; ii. 31 
‘sulphureted, i. 459 
Cinchonia, ii. 309 
Chyle, ii, 452° 
Cinnabar, ii, 131 ' 
' mode of ascertaining its pu- 
rity, ii, 617 
Citrates, alkaline, i ii. 215 
earthy, ii, 215 
metallic, ii, 216 
Citric acid, process for obtaining, ii. 
, 210 
properties of, ti. 213 
analysis, ii, 214 
_mode of ascertaining its 
purity, ii, 606 
Clyssus of nitre, i, 540 
Coak, ti. 320 


INDEX. 


quantity of, required for the 
evaporation of water, i. 125 
varieties of, ii. 318 
gas from, i. 428 
analysis of, ii. 320, 576 
Coal-mines, fire damp of, i. 432 
Coating for retorts, i. 9, 10 
Cobalt, method of obtaining, ii. 86 
properties of, ii, 86 
oxides of, ii. 86 
chloride of, ii. 88. 
salts of, ii. 89 
alloys of, ii. 90 
analysis of ores of, ii. 582 
Cocculus indicus, peculiar principle of, 
ii. 305 
Cochineal, ii. 282 
Coffee, ii. 296, 312 
Cohesive affinity, i, 28 
methods of overcom- 


Coal, 


ing, i. 30, 72 
Cohesion: (See Cohesive <Affinity,) i. 
28, 56 
Cold, artificial methods of producing, 
i, 123 
produced by rarefaction of air, 
i. 137 
artificial methods of ‘producing, 
tables of mixtures for, ii. 651 
Collar joint for uniting long or crooked 
tubes, f. 654 
Colocyntine, ii, 333 
Colouring matter, ii. 274 
Colours changed by chemical action, i. 
of metals changed by combinas 
tion of them, i, 511 
vegetable, destroyed by chlo- 
rine gas, i. 214 
destroyed by charcoal, 1, 339 
substantive and adjective, ii. 
275 
Column, electric, i. 187 
Columbium, ii. 68, 698 
the same as tantalium, ii.69 
analysis of ores of, ii. 584 


’ Combination alters the properties of 


bodies, i, 29 
Combustibles, simple, i. 229 
Combustion, limited meaning of the 
term, i, 208 
in oxygen gas, i. 208 
in atmospheric air, i. 291 
in rarefied air, i, 294 
consumes oxygen, 1. 209. | 
increases the weight, of 
bodies, t, 209 . 
supporters of, i, 229 
spontaneous, if. 247 
Conductors of caloric, i. 103 
Congelation, artificial, i, 110, 124 
Cooling, rate of, varied oe: different 
circumstances, i, 101 


INDEX. 


Copper, method of purifying, ii, 97 
properties of, ii. 97 
atomic weight of, ii. 109 
oxides of, ii. 98 
chlorides, ii. 99 
salts of, ii, 100 
- bisulphate of, ii. 104 
binacetate of, ii. 107 
sub-sul phate of, ii. 104 
sulphite of, ii. 104 
sub-carbonate of, ii. 103 
nitrate of, ii. 102 
‘hydro-oxide of, ii. 99 
sub-nitrate of, ii. 102 
per-muriate of, ii, 101 
pro-muriate of, ii. 101 
action of chlorine on, 
acetate of, ii. 106, 618 
sulphuret of, ii. 109 
phosphuret of, ii. 109 
combination ofammoniawith, 
ii. 103 
alloys of, ii. 110 
ferro-cyanate of, ii. 109 
arsenite of, ii. 52 
analysis of ores of, ii, 579 
mode of detecting, ii. 599 
Cork and its acid, ii. 313 
Corrosive sublimate, ii. 126 
mode of discover- 
ing, ij. 597 
‘method of ascer- 
taining its pu- 
rity, ii. 615 
Cotton-mills, pronabte cause of fires in, 
ii. 247 
Cream of milk, ii. 445 
of tartar, ii. 230 
Crocus metallorum, ii. 77 
Crucibles, i. 4. 
platinum, ii. 363, note 
Cryophorus, i, 134 
Crystallization, i. 31 
water of, i. 31 
Crystals, structure of, i. 30 
Cupel, ii. 143 
Cupellation, ii, 143, 152 
Cupelling furnace, i. 3 
Curd, ii. 446 
Cuticle, ii. 485 
Cyanides, i. 452 
of iodine, i. 458 
Cyanogen, i. 450 
how obtained, i. 450 
its properties, i. 451 
Cpintaiear, A450 
Cystic oxide, ii, 476 


ii, 99 


D. 


Dahline, ii. 326 
Dalton, Mr. his new d ihie> of chemi- 
cal elements, i, 43 ~ 


711 


Decanting jar, i. 11 
Decomposition, simple, i. 53 
Decrepitation, i. 559 
Deliquescence, i. 31 
Delphia, ii, 304 
Deoxidizing rays of light, i. 158 
Detonating powders, i. 536, 541; ii, 
130, 148, 159 
Deutochloride of mercury, ii. 126 
Deutoxides, i. A94 
Dew, theory of its deposition, i. 83 
point how ascertained, i, 258 
Diamond, pure carbon, i. 335 
combustion of the, i, 341 
Differential thermometer, i, 91. 
Digestion, secretions subservient to, ii. 
A34 
Dilatation. See Expansion, 
Dippel’s oil, ii. 480 
Distillation, i, 5 
leaden worms 
for, ii. 600 

Dragon’s blood, ii. 251 
Dropping tube, i. 11 
Ductile metals, ii. AT9 
Dutch gold, ii, 111 
Dyeing, art of, ii. 274 

colouring matter of blood may 

be employed in, ii. 428 


improper 


Earths, i. 209 
means of separating, ii. 557 
Ear-waz, ii. 402 
Efflorescence, i. 31 
its influence on chemical 
affinity, i. 58 
Eigg-shells, ii. 451 
Egg, white of. See Albumen. 
Eggs, it. A51 
Elain, ii. 408 \ 
Elastic gum. See Caoutchouc, 
Elasticity, its effect on chemical affi- 
nity, i. 58, 61, 71 
increased by caloric, i. 65 
Elecampane, peculiar substance from, 
ii, 326 
Elective affinity. See Affinity. 
Electricity, chemical agencies of, i. 


theory of, i. 186 
Electric spark, colour of in gases, i. 
146 
Electro-magnetism, i. 191 
Electro-motion, i. 186 


Electro-negative bodies, i. ‘202 


Electro-positive bodies, i, 229 
anes chemical, defined, i. 40 
-« new system of, i, “44 

Finidtii ii 330 
Emulsions, ii, 243 
Enamelling furnace, i. 3, 661 


ue 


Epidermis, ti, 485 — 
Epsom salt. See thtenintl sulphate of, 
Equivalents, chemical, defined, i. 52 . 
scaleof, i, 52, n. 
uses of, ii. 658 
. ne table of, ii. 661 
Eritrogene, ii. 444 
Essential oils, ii. 247 
Ether, eltects of caloric on, i. 118 
of heating under pres- 
sure, i, 132 
methods of preparing, ii. 353 
purification of, ii. 359 
mode of ascertaining its purity, 
ii. 620 
acetic, ii. 357 
chloric, i, 426; ii. 356 
fluoric, ii, 356 
flucboric, ti. 357 
hydriodic, ii. 357 
properties of, ii. 357 
force of its vapour, ii. 359 
composition of, ii. 364 
muriatic, ii. 355 
nitric, ii. 354 
phosphoric, ii. 356 
pyro-acetic, ii, 377 
sulphuric, ii. 353, 358 
Ethiops mineral, ti. 131, 617 
Euchlorine, i, 216 
action of iodine on, i, 224 
Eudiometer, Berthollet’s, i. 289 
Dalton’s, i; 313 
» Guyton’s, i. 292 
Hope’s, i. 292. 
Pepy’s, i. 292 
Seguin’s, i. 290 
Volta’s, i. 293 
with nitrous gas, 1. 313 
solution of nitrous 
_ gas andiron, i. 317 
Evaporaiing furnace, i. 2, 3 
vessels, i. 4 , 
Evaporation occasioned by caloric, i. 9, 
defined, i. 32 
spontaneous, i, 119, 256 
Expansion, i. 80 
ofsolids by heat, ii. 650 
liquids by ditto, ii. 648 
gases by ditto, ii, 647 
solids, liquids, and gases, 
i. 79 
_ air, i. 87 
metals, i, 89 
exceptions to the general 
law; i. 89 
not strictly proportionate 
to temperature, i. 97 
of fiuids is as the square of 
their temperature, i, 97 
of mercury, 1.98° . 
Extract, vegetable, ii. 188 
Eye, humours of the, ii, 455 
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Farina. See Starch. 
Fat of animals, ii, 407 
oxygenated, ii. 408 
Feathers, ii. AST brid 
Fecula, vegetable. See Starch. 
Fermentation, vinous, ii. 335 
Ferro-cyanaie of iron, ii. 29 
potassa, i. 553 
its use as a 
test, ii, 534° 
copper, ii. 109 
Ferro-prussic (cyanic) acid, ii. 461 
Ferrureted chyazic acid, i. 462 
Fibre, woody, ii: 271 
Fibrin, ii, 394 
of the blood, ii. 425 
Filters, cautions in using, ii, 519 
Finery cinder, ii, 21 
Fire produced by compressing air, i. 
13% 
Fire-damp of coal mines, i. 432 
Fireworks without smell or smoke, i. 
233 ‘eu 
Fish, scales of, ii. 485 
Fixed vegetable oils, ii. 245 
Flesh of animals, ii, 484 
Flints, i. 642 
liquor of, i. 644 
Flowers of sulphur, i, 380 
Fluate of ammonia, ii. 526 ; 
of lime, i, 282, 589 
Fluidity caused by caloric, i. 109 
Fluids of the various cavities of the 
body, ii. 454 
Fluoboyic acid, i. 366 ii, 693 
Fluoric acid, mode of obtaining, i. 281 
silicated, i. 646 
hydro-fluoric, or liquid, 
i. 28] 
nature of, i, 282 
gas, decomposed by po- 
tassium, i. 252 
new facts respect. 
ing, ii. 692 
ether, ii. 356 
Fluoride of calcium, i. 282, 589 
#luorine, i. 282 
Flux, black, ii. 586 
white, ii, 586 
Fluxes, i. 493 
Force of vapour, i. 119, 257 
Formic acid, ii, A419 
Fossils (inflammable), analysis of, ti. 
576 
Freezing points of liquids, i, 108 
mixtures, ii. 651 — 
apparatus, i, 653 
in vacuo, Leslie’s method, i. 
133 
Frigorific mixtures, tables of, ii, 652 
Frost-bearer, i, 134 
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Fulminating gold, ii, 148 
mercury, iis 130 
platinum, ii. 159° 
powder, i. 541 +, 
silver, ii. 140 
Fuming liquor, Boyle’s. See Ammo- 
Lowy _ nia, kydrosulphuret of. 
Libavius’s, ii, 42 
Fungin, ii. 328 
Furnace, evaporating, i. 3 
Furnaces, chemical, i. 635 
Aikin’s portable blast, i. 4, 
655 | 
' Knight’s portable, i,.2, 657 
wind, i. 2, 3, 659. 
reverberatory, i. 661° 
cupelling, or enamelling, i. 
3, 661 
portable, i. 3, 662 
Black’s portable, i. 4, 662 
Chenevix’s wind, i. 662 
general remarks on, i. 663 
Fusion, i. 109 
watery, i. 31 
Fusible metal, ii. 97 
Fustic, ii, 282 


GyA 


Galena, ii. 122 
Gallate of iron, li. 32 
Gallicacid, methods of obtaining, ii. 
219 
analysis, ii. 221 
characters of, ii. 220 
Galls, tincture of, as a test, ii. 523 
used as a test in substance, ii. 
524 
yield tan, ii. 284 
Gall stones, ii. 442 
avaluable pigment, ii. 442 
Galvanic arrangements, construction of, 
i. 164 
battery, i. 167 
circle, i. 165 
pile, i. 167 
theory of the actionof, 
i. 185 
apparatus, i. 167 
Galvanism, i. 163 
excitement of i i. 163 
its similarity to electricity, 
i172 
chemical agencies of, i. 173 
theory of the changes pro- 
duced by, i. 183 
Galvanometer, i, 193 
Gases, effect of caloric on, i, 80 
expansion of by heat, i. 138 
comparative rates at which they 
conduct heat, i, 138 
how influenced by their mois- 
ture or dryness, &c, i. 139 
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Gases, rarefaction of, effect on their 

inflammability, i. 235 

‘condensible by pressure into 
liquids, i. 137 

corrections for moisture in, i. 25 

velocities with which ° they 
escape through tubes, i, 144 

powers of refracting light, 1. 154 

rules for analyzing mixtures of, 


ii, A92 

table of confinable by mercury, 
ii. 493 

table of confinable by water, ii. 
A493 

table of absorbable by do. ii. 
AQT 

table of results of combustion, 
ii. 504. 

apparatus for experiments on, 
iv | 


method of weighing, i, 19 
transferring, i. 21 
caloric chemically combined in, 
i, 135 
give out their latent heat by 
compression, i. 136 
their bulk inversely as the pres 
sure on them, i. 138 
table of the specific gravity of, 
i, 140 
specific heat of, i. 150. 
capable of being absorbed by 
solid bodies, possessing poro- 
sity, i. 141 
are absorbed by liquids, i. 142 
colour of the electric spark 
transmitted through different, 
i. 146 
' become thoroughly mixed under 
all circumstances, i. 245 
quantities of, absorbed by 
water, i. 255 
absorption of, by charcoal, i. 
337 
general law of their union by 
volumes, i. 300 
rules for reducing to a mean 
pressure and temperature, i. 
23 
Gas-holder,i, 17 
Gas, ammoniacal, i. 405 
arsenureted hydrogen, it. 55° 
azotic, or nitrogen, i. 283 
by-hydruret of phosphorus, i. 435 
carbonic acid, i. 343 
- carbonic oxide, 1, 353 
carbureted hydrogen, i. 422 
coal, i, 429 
chlorine, i. 210 
euchloric, i. 216 
fluoboric acid, ij. 366 
hydriodic acid. i, 279 
hydro-carbureted, i, 420 
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Gas, hydra-phosphoric, i. 435 » 
hydro-cyanic, i. 454 
hydrogen,.i. 230 
hydro-zinzic, ii..17 
muriatic acid, i. 268 
nitric acid, i, 323 
nitric oxide, i, 310 

+. mitrogen, i. 283 - 

, Mitrous, i. 310 

nitrous acid, i. 320 

nitrous oxide, i, 304 

oil, i. 430 

olefiant, i, 424 

oxygen, i. 203 

oxymuriatic acid. See Chlorine 
Gas, 

per-carbureted, or bi-carbureted 
hydrogen; i, 424 . 

phosgene, i. 362 

phosphureted hydrogen, i. 436 

potassureted hydrogen, i..530 

/prussic acid, i. 454, 

silicated fluoric, i, 646 

sulphureted hydrogen, 1. 440 

sulphurous acid, i. 392 

tellureted hydrogen, ii, 113 

Gas lights, i. 429 

Gastric juice, ii, 436 

Gazometer, i. 16 

mercurial, i. 18 
Gelatine, method of obtaining, ii. 381 
'. properties of, ii. 382 
tests of, ii, 383 
composition of, ii. 384 
converted into sugar, ii. 382 
Gems, preparation of sulphur for tak- 
ing impressions from, i, 381 
Gilding of steel, ii. 151 
Glass, how made, i, 644 
decomposed by hydro-fluoric 
acid, i, 281 
rendered black by bydro-sul- 
phurets, ii, 122 
tinged blue by zaffre, ij. 90 
expansion of, by heat, ii. 650 
of onl ie it, 77 
yi mode of ascertain- 
pes ing its purity, li, 
613 
of borax, i. 566 

Glauber’s salt. See Sulphate of Soda- . 

Gliadine, ii. 267 

Glucina, attempt to decompose, i, 623 


method of obtaining it, i. 624 


its properties, i. 624 
Glucinum, i. 623 
Glue, ii, 381 
Gluten, animal, ii. 394 
vegetable, ii. 266 
Gold, maileability of, i. 478: 
ductility of, i. 479 
physical qualities of, ii. 143 
chemical qualities of, ii, 144 — 
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Gold, chlorides, ti, M4 es 
oxides of, ii, 148 
fulminating, compound of, ii. 148 
revival of, ii, 149 ; 
precipitates of, ii. 150 
 muriate of, used as a test, i ii, 539 
solution of, in ether, ii. 151 
sulphuret of, ii. 151 
- phosphuret of, ii, 151 
equivalent of, ii. 151 
purification of, ii, 152 
alloys of, ii, 152 
fineness of, ii. 153 
its colour destroyed by palla- 
dium or platinum, ii. 166 
imitations of, ii. 110 
its ductility destroyed by being 
kept in fusion near melted bis- 
muth, ii. 97 
analysis of ores of, ii. 578 
Golden sulphur of antimony, ii. 78 
Goulard’s extract, use of, te a se il. 
337, 383, 388 
Goniometer;1 13% 
Grains, English and French, eoniparle 
son of, ii. 632 > 
Gravel, urinary, ii. AT2 
Gravitation, i i, 27» 
Gravity, specific, effect of chemical 
union on, i. Al 
of gases, i. 140 
of solids and fluids, 
table of ii. 635 
of solids, how taken, 
» ii. 553 
of mixtures of alco 
hol and water, ii. 
342 
Green, Scheele’s, ii, 52 
Guaiacum, ii. 251 
Gum, ii. 190 
British, ii, 263 
elastic, ii. 269 
Gum-resins, ii. 254 
Gun-meital, ii. 111 
Gunpowder, sulphur may be burned out 
of, without inflaming it, 
i. 383 
composition of, i. 541 
peculiar kind of, i. 538% 
preparation of charcoal 
for, ii. 272 
Gunter’s sliding rule, 1.52, note 
Gypsum, i. 593 


Hematin, ii. 328 

Hahnemann’s wine test, ii. 602 

Hair, method of staining it black, ii. 
137. . 


analysis of, ii. 486 
Harrogate water, i, 443 ; ii. 678, 650 
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Hartshorn, spirit of, mode of ascer- 
taining its purity, ii. 609 
Heat. See Caloric... 
animal, ii. 431 
table of the principle effects of, 
ii, 640 
Helix, electro-magnetic, i. 195: 
Hepars. See Sulphurets: 
Hiccory, wild American, ii. 282 
Hoar-frost, theory of, i. 83 
Homberg’s pyrophorus, i, 632 
sedative salt. See Boracic 
Acid. 
Honey, ii. 198 
stone, ii. 323 
Hoofs, ii. 485 
Hfordean, ii. 259 
Horn, ii. 482 
Horn-lead, ii. 117. 
Horn-silver, ii. 134 
House-leek, malic acid obtained from, 
ii. 222: 
Humours of the eye, ii. 455 
Hydrate, what, i. 259, 496 
: of alumina, i. 628 
baryta, i. 5YT 
chlorine, i. 213 
lime, i. 577 
magnesia, i. 615 
potassa, i. 526 
soda, i. 558 
strontia, i. 609 
Hydriodates, i, 281 
Hydriodic acid, i, 279 
Hydriodide of carbon, 427 
Hydro-carburet, i. A422 
Hydro-chlore, i. 268 ; if 
Hydro-chlovide of carbon, i. 427, ii. 691 
Hydro-cyanic acid, i. 453 
Hydro-fluoric acid, i. 281 a ; 
Hydrogen, aoe bee Shai principle, ‘i. 


deutoxide, or peroxide of, 
i. 263 
compounds with carbon, i. 
A203; with phosphorus, 
A385 34 
Hydrogen, compounds of metals with, 
i, 
Hydrogen gas, i. 230 
method of procuring, i. 
231 
its properties, i, 233 
how to determine its 
purity, 1.237 
burned under a tube 
produces a musical — 
sound, i. 240 
_ caution with respect to 
firing, i. 241, note 
explodes by compres- 
sion with oxygen, i. 
241 . 
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Hydrogen gas, weight of, 1, 244 
with oxygen, 
water, i. 246°. 
quantity of, absorbed 
by water, i. 255 
an acidifying princi. 
ple, i. 230 
quantity of heat given 
out by its combus- 
tion, i. 251 
' eombination of ‘chlo. 
rine with, i, 266 
forms an acid gas with 
iodine, i. 279 
solution of zinc in, ii. 
17 | 
arsenureted, ii. 55 
carbureted, i, 420, ii. 
688. 
bi-carbureted, 1.420 . 
per-carbureted, i. 424 
phosphureted, i. 435 
potassureted, i. 530 
sulphureted, i. 440 
tellureted, ii, 113 
sulphureted, compounds 
of, with metals and 
oxides, i. 506, 507 
Hydrogureted sulphur, i. A446. 
sulphurets, methods of 
forming, i. 447, 507 
properties of, i. 448 
of metals, ii. 507 
Hydrometer, Baumé’s, degrees of, re- 
duced to the common standard, ii. 
638 B iis 
Hydro-nitric acid, i. 328 
Hydro-oxides, i. 496 
Hydro-oxide of cobalt, ii, 87 » 
copper, ii, 99 
iron, ii. 25 
Hydro-phosphoric gas, i. 435 
Aydro-sulphuret of ammonia, i. 444 
asa test, 
ii, 540 


forms 


Hydro-sulphurets, i. 447 ) 
blacken glass, ii. 122 
Hydro-sulphureted oxides, i. 506 
Hydro-thionic acid, i, 443 
Hydroxanthic acid, i. 468 
Hydroxanéhates, i. A69 
Hydroxures, i. 259, 496 
Hydro-zincic gas, platinum fused by 
the combustion of, ii. 17 
Hydruret of potassium, i. 530 
tellurium, ii. 113 
Hygrometer, i. 259 
Hygrometric water, i, 256 
Eyoscyama, ii. 308. 
Hyper-oxymuriates.. See Chlorates, 
Hypo-sulphites, i.398 
Hypo-sulphurous acid, i. 398 
Hypo-sulphuric acid, i, 399° 
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Ice, quantity of caloric absorbed in 
the liquefaction of, i. 108 
thawing, 
formly the same, i. 108 
not increased by li- 
quefaction, i. 109 
quantity of caloric ab- 
2 sorbed during, i, 109 
lighter than water, i, 262 
Inch, cubic, of water, ii. 628 
French and English, cor- 
respondence between, 
ii. 633 
Indigo, ii. 275 
bitter principle from, ii. 296 
new experiments on, ii. 279 
Inflammable fossils, analysis of, ii. 576 
Ink, ii, 32 
that is not easily destructible, ii. 


sympathetic, ii. 88 
Insolubility, influence on affinity, i. 57 
Intermediate properties between those 
of the components, i. 39 
Inulin, ii. 326 
Todates, 1. 225 
Todic acid, i. 225 
Aodide of nitrogen, i. 334 
Todides of metals, i. 500 
yey discovery of, i. 222 
properties of, i. 223 
action of various gases on, i. 
224: 
forms an acid gas Ww ith hydro- 
gen, ii. 277 
action on ammonia, i. 404 
cyanide of, i. 458 
sulphuret of, i. 401 
phosphuret of, i. 379 
forms an acid with oxygen, i. 
224 
combines with nitrogen, ii. 334 » 
metals, ii. 500 
forms an acid with chlorine, 
i. 226 
action of euchlorine on, i, 224 
nature of, i. 226 
source of, i. 227 
starch, a delicate test of, ii, 
264, 541 
discovered i in minerals, ii. 687 
Lodures, or Todurets, i, 500 
of starch, ii. 264 
Ipecacuanha,. emetic principle of, ii. 
330 
Iridium, it. 166. 
oxides of, i ii. 167 
analysis of ores of, ii, 584 
Iron, properties of, ii, 20 
oxides of, ii, 20 
hydrates of, ii, 25 


its temperature uni- , 
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Iron, chlorides, ii. 25 
. salts of, i. 26° 
sulphate of, ii, 26 
its use asa test, ii. 530 
mode of ascertaining 
its purity, ii, 613 
per-bisul phate of, ii. 27 
sub-sulphate of, ti. 27 
sulphite of, ii. 27 ; 
nitrate of, ii. 28 
muriate of, ii. 28 
oxalate of, ii. 208 
ferro-cyanate of, ii. 29 
tanno-gallate of, ii. 32 ~ 
phosphate of, ij. 29 
oxy-phosphate of, ii, 29 
succinate of, ii. 33 
acetate of, ii, 34 
carbonate of, ii. 29 
sulphuret of, ii. 34 
bi-sulphuret of, ii. 34 
combination of carbon with, ii. 35 
cast, or crude, ii. 36 
maglleabhe! or bar, ii. 36 
why wood-charcoal preferable 
in the manufaeturing of, ii. 3T 
tinning of, ii, 39 
welding of, ii. 154 (note J) 
how to detect nickel in, ii, 175 
its use as a test, ii. 530 
tests of, ii. 542 
analysis of ores of, ii. 580 
Tron-moulds, ii. 33 
Isinglass, ii. 381 
Htiria. See YVttria. é 
Ivory, method of covering with silver, | 
ii. 137 


J. 


Jalap, active principle of, ii. 333 
Jelly, animal. See Gelatine. 
vegetable, ii. 194 
Joints, fluid in the cavities of the, ii. 
459 2 


K, 


Kermes mineral, it. 78 
Kinic acid, ii. 242 
Koumiss, ii, 450 


° L. 
Laboratory, i. 1 
Laccic acid, ii. 239 F) 
Lactic acid, ii, 416 
in urine, ii. 467 
Lakes, how obtained, ii. 283 
Lamp for chemical purposes, i, 5 
safety, i. AZ2 
Lamp-black, ii, 480 
Lard, ii. 407 


INDEX: 


Hatent heat. See Caloric. 
Lateritious sediment, ti. 415 
Lead, molybdate of, ii. 60 | 
method of purifying, ii. 114 
properties of, ii. 114 
oxides of, ii. 114 
chloride of, ii, 117 
purification of gold and silver 
by, ii. 143 
mode of procuring oxygen from 
oxides of, i. 203 
danger of keeping water in, ii. 
117 
sulphate of, ii. 118 
nitrite of, ii, 119 
use in analysis, ii, 
5T4 


its use as a test, ii. 
532 
nitrite of, ii. 119 
sub-nitrite of, ii. 119 
chloride of, ii. 117 
iodide, ii, 118 | 
chromate, ii, 121 
carbonate of, ii. 120 
mode of ascer- 
taining its pus 
rity, ii. 618 
acetate of, ii. 120 
its use as a test, ii. 
532 
mode of ascertaining 
its purity,’ ii. 618 
sub- ek shee of, ii. 120 
its use as a test, 
ii, 532 
tests of, ii, 599 
phosphate of, ii. 121 
sulphuret of, ii. 121 
hydro-sul phuret of, ii. 122 
gummate, ii. 191 
saccharate of, ii. 200 
amylate, ii. 265 
tannate, ii, 289 
analysis of ores of, ii, 581 
method of detecting, ii. 599 
in wine, ii. 
602 
soluble in water, ii. 117 
Leaf-gold, i, 478 
a test of nitre, 11,529 
Leamington water, ii. 678, 679 
Lemons, acid of. See Giirie Acid, 
Leucine, ii. 395, 487 
Libavius, fuming liquor of, ii. 42 
Life, supported “by oxygen gas, i, 212 
Ligaments, ii. A84 
Light, optical and chemical effects of, 
i. 153, 267, 
what. gases evolve it by com- 
pression, i. 214 
reflection of, by metals, i. 477 
Lignin, ii. 271 
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- Lignin, starchy, ii. 262 


Lime, properties of, i. 576 
hydrate of, i. 577 
milk or cream of, i. 577 
carbonate of, i. 586 
tests of, ii, 542 
does not attract carbonic acid 
gas when dry, i. 587 
sulphate of, i. 593 
tests of, ii. 542 
sulphite of, i. 593 
hydrosulphuret of, i. 591. 
chloride, i. 582 
subchloride, i. 583 
fluate of, i. 589 
ferro-cyanate, i. 594 
hypusulphite, i. 592 
‘hydrogureted sulphuret of, i. 
591 at 
nitrate of, 1. 586 
muriate of, i. 580 
cold preduced by, 
i. 111 
as a test, ii. 539. 
oxymuriate (chloride) of, i. oon 
chlorate, i. 585 
phosphates of, i. 590 
phosphuret of, i. 581 
tungstate of, ii, 65 
oxalate of, ii. 206 
citrate of, ii. 215 
acetate of, ii. 374 
prussiate of, asa test, ii, 534 
tests of, ii. 549 
mode of determining the purity 
of, ii. 622 
stone, i. 562 
magnesian, ii. 622 
water, i. 578 
use of, asa test, ii, 527 
Liquefaction, i. 110 
Liquids, expansion of, by heat, i. 87 
manner in which they conduct 
heat, i. 104 
give out heat on becoming 
solid, i. 112 
absorb gases, i. 142 
freezing points of, ii, 640 
boiling points of, ii. 641 
table of the expansion of, by 
heat, ii. 648 
Liquor of surfaces, i ii. 456 
Potasse, mode of determining 
its purity, ii. 607 . 
Lithia or Lithina, discovery of, i. 572 
its properties, i. 
573 
distinguished from 
other alkalis, i. 
575 
carbonate of, i. 574 
nitrate of, i. 574 
sulphate of, i, 574 
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 Lithic acid, ii, 410. 
Lithium, i. 571 
chloride of, i. 574 
Litmus, infusion of, ii. 520 
its use asa test, ii, 
520 
reddened by vine- 
gar, as a test, ii, 
522 
Liver of antimony, ii. T7 - 
sulphur, i. 531 
Loaf sugar, preparation of, ii, 195 
Logometric scale, i, 52 
Logwood, ii. 328 
Luna cornea, ii. 134 
Lunar caustic, ii, 136, 617 
Lupulin, ii. 332, 
Lutes, i. 10 
Lymph, ii. 457 - 


M. 


Madder, ii. 282 
lake from, ii. 283 
Magistery of bismuth, ii. 94 
Magnesia, analysis.of, i. 614 
properties of, i. 614 
hydrate of, i. 615 
base of, i. 614 
alba of the shops, i. 617 ; ii. 
619 
calcined, i. 619 
carbonate of, i. 617 
mode of as- 
certaining 
its purity, 
ii. 619 
chloride, i. 615 
carbonate of, and potassa, 
i. 619 
ammonio-phosphate, i. 620 
sulphate of, and soda, i. 622 
potassa, i, 
623 
ammonia, i. 
: 622 
sulphate of, i. 620 
mode of ascer- 
taining its pu- 
rity, ii. 612 
sulphite of, i. 620 
nitrate of, i. 616 
muriate of, i. 616 
triple muriate, i. 616 
oxalate of, ii. 207 
citrate of, 11.215 
acetate of, ii. 376 
tests of salts of, ii. 538 
mode of ascertaining its pu- 
rity, ii, 620 
Magnesium, i. 614 
Magnetism, electro, i. 191 
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Malicacid, methods of obtaining, ii. 222 ' 
properties of, ii, 225 ; 
the same with the sorbic 

acid, ii. 224 

Malleability, i. 478 

Maltha, ii. 318 

Malting, converts starch into sugar, ii. 

259 
Manganese, method of obtaining, ii, 1 
: properties of, ii. 2 
oxides of, ii. 3 
‘chloride of, ii. 7 
salts of, ii, 8 
compound of, its oxide 
with potassa gives dif- 
ferent colours with 
water, ii. 11 
’ sulphuret of, ii. 13 
sul phureted oxide of, ii. 13 
analysis of ores of, ii, 583 
oxalate of, ii; 208 

Manganesiates; ii, 12 

Manna, ii. 198 

Marble, i. 586 

Marguaritic acid, ii,409 - 

Marls, analysis of, ii, 624 

Mass, meaning of, as used by Berthol- 


let, i. 56 
its influence on chemical affi- 
> nity, 1. 56 | \ 


Massicot, ii. 115 
Matches for procuring instantaneous 
light, i. 536, note 
Matlock water, ii. 679 
Matrass, i. 10 
Measures, English, ii. 627 
q German, ii. 628 
Dutch, ii, 628 
English reduced to French, 
4 A O39 Cpe 
Swedish, ii. 628 
old French, ii. 629 
modern French, ii. 634 
Mechanical division, influence of, on 
affinity or solution, i. 30 
pressure, See Pressure. 
Medullin, ii, 332 
Melasses, ii. 195 
Melililite, ii. 323 
Mellitic acid, ii, 324 
Melting points of solids, 
Membranes, it. 485 
Menachonite, ii. 90 
Mercurial trough, i. 19 
Newman’s, i. 664 
Mercury, congelation of, i. 124 
apparatus for, 1. 653. - 
combination of, with potas« 
sium, i. 532 
combination of, with sodium, 
i. 561 ekey 
its specific gravity increased 
by congelation, ii. 123°” 


ii. 640 
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| Mereury, volatilization of, ii, 123 
oxides of, ii. 124 
methods of ascer- 
taining their pu- 
rity, ii, 616 
chlorides, ii. 126 
sulphate and persulphate of, 
ii, 127 
nitrate of, ii. 129 
its use as a test, 
- ii, 532 
subnitrate of, ii, 129 
nitroxide of, ii. 130 
per-nitrate of, ii. 129 
_ cyanide of, ij. 128 
fulminating, ii. 130 
muriate of, ii. 126 
lmethod of as- 
certaining its 
purity, ii. 615 
submuriate of, ii. 126 
method of as- 
certaining 
its purity, 
os H. 615 
_white precipitate of, ii. 130 
action of chlorine on, ii. 126 
alloys of, ii..132 
sulphurets of, ii, 131 
use of, as a test, ii. 529 
analysis of ores of, ii. 581 
method of ascertaining its 
purity, ii. 615 
Metals, their comparative power of 
conducting heat, i. 104 
fused and ignited. by electri- 
city and galvanism, i. 174 
enumeration of, i, 474 
general properties of, 1.475 
comparative expansibility by 
heat, i. 89 
table showing the colours of 
precipitated, by prussiate of 
potassa, i. 554 
specific gravities, i, 476 
order in which they reflect 
light and heat, i. 477 
comparative tenacity of i. AT9 
chemical properties of, i. A80 
oxidation of, i. 482 
method of calculating the 
oxygen acquired by, i. 485 
proportion of oxygen neces- 
sary for the solution of, i. 
486 
different stages. of oxidation 
of, i. 487 
action ef alkaline solutions 
on, i. 492 
reduction of, i. 493 
table of the proportions of 
oxygen with: which they 
combine, i. 494 
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Metals, compounds of Eee with, 
i. 501 


sulphur with, i. 


501 
sulphureted hy- 
drogen with, 
ii. 507 
chlorine with, 
i. A97 
iodine with, i. 
600 
phosphorus 
with, i. 508 
carbon ‘with, A: 
508 


alloys of, i. 509 
their qualities altered in al- 
loys,i. 509 ~ . 
classification of, i. 512 
malleable, i. 478 
use of, as tests, ii. 529 
tenacity of several, i. A479 
analysis of ores of, ii, 577 
colours of presi tates from, 
ii. 670 
Meteoric stones, all contain iron al- 
'loyed with nickel, ii. 175 
Milk, weyers sia and properties of, 
ii. 4 : 
vinous fermentation of, ii. 450 
sugar of, ii. 403 
acid of, ii. 416, 
different kinds of, if, 450 
Mindererus’s spirit, ii. 374° 
Minerals, general directions for the 
examination of, ii. 550 
Mineral tar, ii. 318 


pitch, ii. 318 is 
waters, analysis of, ii, 515 
examination of, by 


re-agents, ii. 516 © 
substances that may 
be expected in, and 
means of detecting 
them, ii. 541 
analysis of, by eva- 
poration, ii. 543 
Dr. Murray’s formula 
for the analysis of, 
ii, 547 
table of the composition of, 
ii, 677 
yellow, ii, L117. 
Minium, ii. 114 
Mo ffat water, ii. 678 
Molecule, integrant, i. 35 
Molybdate of potassa, ii, 60 
Molybdenum, ore of, ii. 58 
mode of obtaining, ii. 58 
properties of, ii. 59 
oxides of, ii. 59 
analysisof ores of, ii, 584 
Molybdic acid, mode of obtaining, ii, 59 
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Molybdic acid, properties: of, ii. 59 
Molybdous acid, ti. 5 
Mordaynt, what, i ii. 275 
Moroxylic dcid, ii. 259 
en or Morphine, ii. 298 
me procured, 
2298 
its pre ll 
ii, 298 
Mother of pearl, ii. 482 
Motors of electricity, i, 187 
Mucilage,ii. 190 ~ 
Muco-extractive matter, ii. 424 
Mucous acid, ii. 417 
Mucus, avimal, ii. 391 
tests of, ii. 392 
- of ioe nose, ii. 454 
_ Muffles,i.5  ~ 
Mulberry calculi, ii. 475 
Hustle, law of combination in sim- 
ple, i. 45 
Hlustrated, i, 488 
Muriate of ammonia, i. 414 
baryta, i. 598 
bismuth, ii. 94 
copper, ii. 99 
iron, ii. 25 
lead, ii. 117 
lime, i, 580 . 
magnesia, i. 616 
mercury, ii. 126 
potassa, i, 528 
silver, ii. 134 . 
soda, i. 599 
strontia, i. 610 
tin, ii. 40 
zine, ii. 15 
Muriates, true, enumerated, i. 498 
hyperoxygenized. See Chlo- 
rates. 
Muriatic acid, synthesis of, i. 266 
process, for preparing, 
i. 268 
its properties, i. 269 
table of strength of, i. 
275; ii. 669 
tests of, ii. 541 
mode of ascertaining 
the purity of, ii. 


604 
oxygenized. \ See Chilo- 
; rine. 
gas, mode of obtaining, 
i. 268 
properties of, 1.268 


its attraction for 
water, i. 270 

action of potassium 
on, i. 528 

becomes liquid un- 
der . pressure, i, 

, 268 

ether, li. 355 
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Muriatic acid, table of the quantity of 
real,.or dry, muriatic 
acid in 100 parts of 
the liquid acid at 
_successive specific 
gravities, ii. 669 
Muscle, basis of, ii. 483 
converted into fat, ii. 407 
component parts of, ii. 453 
Muscovado sugar, ii. 195 
Jéushrooms, . peculiar substance ex- 
tracted from, ii. 328 
Musical sounds, from burning hydro- 
gen gas under a tube, i, 240 
Myrica cerifera, berries of, 
wax, ii. 295 
Myricin, ii. 295 
Myritle-wax, ii, 294 


contain 
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Nails of animals, ii. 485 
Naphtha, ii. 315, 646 
Naphthaline, ii. 321 
Narcotin, ii. 302~- 
Neutral salts, i. 490 
Neutralization, i. 59 
Nickel, method ef purifying, ii, 169 
‘ properties of, il. 169 
chloride of, ii. 172 
ferro-cyanate, ii. 174 
oxides, ii, 171 
sulphurets, ii. 174 
how to detect small quantities 
of, 1.175 |. 
alloyed with iron in all me- 
teoric stones, ii. 175 
analysis of ores of, ii, 582 
Nicotin, ii. 329 
Nitrates, tests of, ii. 529 
Nitrate of ammonia, i. 416 
baryta, i. 601 
bismuth, ii. 95 
cobalt, ii. &9 
copper, i. 72, note; ii. 102 
iron, ii. 28 
lead, ii. 119 
lime, i. 586 
magnesia, i. 616 
mercury, ii. 129 
potassa, i. 538 
silver, ii. 136 
soda, i. 562 
strontia, i. 611 
tin, ii. 42 - 
zinc, ii. 17 
Nitre. See Potassa, nitrate of. 
Nitric acid, i. 322 
composition of, i, 323 
properties of, 1,327 
real acid in, 1.,328 
table of strength of, ii. 668 


INDEX. 


Nitric neid, Ufone for preparing, i, 


in its pure state elastic, i. 
823 : 
use of as a test, ii,.525 
test of, ii, 529 
mode of ascertaining the 
purity of, ii, 604 
table of the proportion of 
real or dry nitric acid 
in 100 parts of the li- 
quid acid at successive 
specific gravities, it. 663 
ether, ii, 354 
oxide, 1.310 . 
Nitricum, supposed base of nitrogen, 
i. 286 
Nitrites, i. 321 
Nitrogen gas, i. 283 
how procured, i, 284 
its properties, i, 285 
weight of, i, 285 
quantity of, absorbed by 
water, i, 255 
compounds of oxygen 
with, i. 8300 
combines with chlorine, 
i. 332 
with iodine, ii. 534 
gaseous oxide of, See Ni- 
trous Oxide. 
Nitro-muriatic acid; i. 331 
Nitro-sulphuric acid, ii, 139 
Nitro-muriates, no compounds pro- 
perly so called, 1.332 
Nitrous acid, i. 320 
composition of, 1. 321 
use of as a test, ii. 525 
mode of ascertaining the 
purity of, ii, 604 
vapour, i. 310 
action on sulphurous 
acid, 1. 396 
composition of, i. 317 
quantity of absorbed by 
water, i. 311 
properties of, i. 311 
applied to eudiometry, 
i. 318 
decomposition of, i. 317 
synthesis of, i, 316 
oxide, i. 3 
quantity of absorbed by 
water, i. 255 
mode of obtaining, i. 
304 
properties of, i. 305 
effects of respiring it, 
i. 310 
Nitroxide of mercury, ii. 130 
Nitrum-flammans, i. 416 ) 
Nose, mucus of the, i ii, 454 
Nucleus of crystals, i. 38 
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Oak-bark, ii. 287. af Kut 
Oil, Dippel’s animal, ii. 480 
of vitriol, See ‘Sulphurt ic Acid. 
of wine, ii, 354 
gas, i, 430 
olive, method of ascertaining its 
purity, ii. 621 
Oils, animal, ii. 404 
fixed, how obtained, ii. 243 
properties of, ii, 243 
3 with alkalis form soap, 
ij. 244 
dissolve sulphur, ii 244 
rendered drying by me- 
tallic oxides, ii. 245 
distillation of, ii, 245 
combustion of, ii. 245 
action of acids on, ii, 246. 
spontaneous combustion 
of, ii. 247 
volatile, or essential, ii. 247 
mode of detecting their 
adulteration, ii. 620 
Olefiant gas, quantity of, absorbed by 
water; Yi 255 
method of procuring, i, 
4Q4 
properties of, i. 425 
action of chlorine on, i. 
426 | 
Oleic acid, ii. 410 
Olive-oil, ii. 243, 621 
Olivile, ii. 332 
Onion, juice of, contains much sugar, 
di. 198 
Opium, constituent parts of, ii. 298 
Ores, analysis of, ii. 577 
in the dry way, ii. 
585 
Organic and inorganic compounds, dis- 
tinction between, ii. 176 
Orpiment, ii. 57 
Osmazome, ii. 490 
Osmium, ii. 167 
oxide of, ii. 168 
analysis of ores of, ii. 584 
Oxalate of ammonia, ii. 206 
baryta, ii. 207 
lime, if. 206 
magnesia, ii. 207 
potassa, ii. 264 
soda, ii. 206 
strontia, ii. 207 
Oxalates, ii. 204 
use of, as tests, ii, 525 
Owalic acid, made of obtaining, ii, 201 
properties of, ii. 202 
composition of, ii. 204 
found native in vege- 
' tables, ii. 239 
use of, as a test, ii, 526 
3M 
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Ovalic acid, a poisdn, een taken 
internally; ii. 202 
Oxidation of metals, i 1. 209, 480 
different stages of, i, 482 
Oxide, cystic, ii. 476 
xanthic, ii. ATT 
Oxides, how produced, i. 480 
decomposition. of, i, 493 
all yield their oxygen to po- 
tassium, i, 533 
nomenclature of, ii, 493 
table of the composition of, 
ii, 494 
sul phureted, i. 506 
hydrosu!lphureted, i. 507 
hydrogureted, sulphurets of, i. 
507 
hydrated, i. 496 
Oxidizement, i. 482 
Oxygen, not the sole principle of 
acidity, i. 209 
compounds of combustible 
bases with, i. 209 
gas, i. 203 
procured from various 
substances, i. 203 
its properties, i. 204 
weight of, i. 204 
diminished in combus- 
tion, i. 206 
absorbed by bodies 
burned, i, 206 
its union produces an 
oxide, an acid, or an 
alkali, i. 209 
supports animal life, i. 
210 
apparently absorbed by 
the blood, 1.210 
with hydrogen forms 
water, i. 246 
quantity of, absorbed 
by water, i. 255 
combination of nitrogen 
with, i. 300 
compounds of chlorine 
with, i. 216 
Oxyiodes, 1. 225 
Oxyiodic acid, i. 225 
Oxyiodine, ii. 225 
Oxymurialicacid, See Chlorine. 
Oxymuriates. See Chlorides. 
Oxy-phosphate of iron, ii, 129 
P. 

Paint, fresh, injurious effects of, ii. 
248 
Paintings, method of copying on 

glass, and transferring 


to leather or paper, — 


ii, 137 
Palladium, ii. 162 
oxides of, ii, 164 
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Palladium, sul phuret of, ii, 164 
test of, ii. 165 
alloys ‘of; ii. 165 
analysis of ores of, ii, 584 
Pancreatic juice, ii. 437 
Paper, preparation of, for tests, ii. 
dark blue, round sugar-loaves, 
atest, ii, 521 
Papin’s digester, i. 120 
Pearls, ii, A82 — 
Pearlash, i. 543 
method of ascertaining the 
real quantity of alkali in, 
i, 544 
Pearl-whiie, ii. 94 
Peat, ii. 321 
Pechblende, ii. 19 
Pepper, ii, 334 
Pepys’s blow-pipe, t. 13 
Per-chloric acid, i. 221 
Per-chlorides, i. 498 
Per-nitrous acid, i.:318 
‘Per _phosphorous acid, i. 373 
Pericardium, liquor of the, ii, 456 
Peroxides, ii. A94 
Perspiration, fluid of, ii.459 
Petroleum, ii. 31T 
Pewter, ii. 45 
Phenecin, ii. 282 oe 
Phlogiston, i. 480 
Phosgene gas, i. 362 
Phosphate of iron, ii. 29 
soda, i. 567 
lead, ii, 121 
ammonia, i. 419 
baryta, i. 604 
lime, i. 590 
silver, ii. 139 
Phosphatic : acid, i. 370 
Phosphori, solar, i. 160° 
Phosphoric acid, i. 374 
method of preparing, 
i, 874, 377 
glacial, i. 376 
properties of, i. 376 
exists in vegetables, 
ii. 240 
test of, ii, 534 
ether, ii. 356 


Phosphorous acid, i, 372 


properties of, i. 372 
Phosphorus, its character, i. 361 
compounds of phosphorus 
with oxygen, i. 370 
with hydrogen, i. 435 
with iodine, i. 379 
mode of obtaining, ii. 
BIT «4 
Bald win’s, i, 586 
Canton’s, i. 160 | 
Homberg’s, i. 160 


Phosphorus, solution of, in ether, ii. 
361 > 
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its combination with chlo- 


rine, i. 378 


with nitrogen, i. 463 
combines with metals, i. 
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Bolognian or solar, i. 607 


Phosphuret of carbon, i. 369 


nitrogen, i. 463 
copper, ii. 109 


gold, ii, 151 
iodine, i. 379 
calcium, i. 581 


platinum, ii. 159 
potassium, i. 531 


sodium, i. 561 


selenium, i. 464 


sulphur, i. 463 
zinc, ii, 19 
Phosphurets, metallic, i, 508 


Phosphureted hydrogen gases, i, 435 


Photometer, i. 161 
Picromel, ii. 439 
Picrotozia, ii. 305 
Pinchbeck, ii. LL) 
Piperine, ii. 334 
Pitch, mineral, ii. 318 
Pit-coal, ii. 318 
Plaster of Paris, i, 593 
Plasters, ii. 245 


Platinum, spongy, action on mixed 
gases, i, 237, 270, 335; 


ii, 506 


properties of, ii. 153 


oxides of, ii. 154 
- test of, ii, 158 
chloride, ii, 156 
sulphuret, ii, 158 
sulphate, ii, 158 


muriate as a test, ii. 539 


phosphuret of, ii, 159 


alloys of, ii. 160 


fulminating, ii. 159 , 


a slow cunductor of cas 


loric, ii. 154 


analysis of ores of, ii. 578 


Plumbago, ii. 38 


method of ascertaining its 


purity, ii. 577 


composition of, ii. 38 


Plumber’s solder, ii. 46 


Pneumato-chemical trough, i. 15 


Poisons, method of detecting, ii. 588 


Polarization of light, i. 154 


calorific rays, 1. * Salat 


Pollenin, ii. 330 

Polychroite, ii. 328 

Porlable furnaces, i. 3, 662 
soup, ii. 381 


Potassa, preparation of, i. 526 


never quite free from car- 


bonic acid and water, i. 527 
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Potassa, found in minerals, ii, 572 | 


properties of, i, 526 
hydrated, i. 526 
table of the quantity in solu- 
tions of different gravities, 
i, 528 
analysis of, i. 525 
carbonate of, i. 541 
its use as a test, 
ii. 526 
mode of ascer- 
taining its, 
purity, ii. 
607 
bi-carbonate of, i. 544 
sesqui-carbonate, i. SAT 
sulphate of, i. 550 
bi-sulphate of, i. 551 
sulphite of, i. 550 
hydro-sulphuret of, i. 548 
hydrogureted-sul phuret of, i. 
548 
nitrate of, i. 538 
test for, ii. 529 
mode of. ascer- 
taining its pu- 
rity, ii. 610 
nitrite of, i. 321 
hyponitrite, i. 322 
muriate of, i. 528 
chlorate or hy per-oxymuriate 
of, i, 533 
arsenite of, ii. 51 
molybdate of, ii. 60 
oxalate of, ii, 204 
bin-oxalate of, ii. 205 
quadroxalate of, ii. 205 
citrate of, ii. 215 
tartrate of, ii. 230 
bi-tartrate of, ii. 230 
mode of ascer- 
taining _ its 
purity, il. 
611 


acetate of, ii. 373 
mode of ascer- 
taining its pue 
rity, ii. 611 
solution of, mode of ascer- 
taining its purity, ii. 607 
ferrocyanate of, i. 533 
asa test, ii. 534 
chromate of, ii. 63 
sulphate of alumina, a test 
of, i. 634 
per-chlorate of, i. 537 
iodate, i. 537 
hydriodate, i, 537 
phosphates, i. 547 
cyanide, i, 552 
hydrocyanate, i. 552 
ferro-cyanate, i, 553 


Potash of commerce, i. 543 
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‘78% 


Potash of commerce, method of as- 
cer taining the real quantity of alkali 
in, i. 544 

‘Potassium, i. 516 reid 

mode of procuring, i. 
its properties, i. 523 
oxides of, i. 524 
its action on water, i. 524 
chloride of, i. 528 - 
iodide, i. 529 
hydrurets, i. 530 
phosphuret of, i. 531 
¢ sulphuret of, i. 531, 548 
amalgam of, i, 832 
alloys of, i. 532 
coin pounds with metals, i. 
532 
redices all oxides, 1.535 
action of sulphureted hy- 
drogen on, i. 
445 
iodine on, i. 529 
alloy of tellurium with, ti. 
118 

Potassureted hydrogen gas, i. 530 

Potaio, analysis of, ii. 257 

Pot-metal, ii. 46 

Pouges water, ii. 677 

iil a se, ti. 124 

red, ii. 130 
white, ii. 180, 616 
Precipitates, apparatus for drying, i. 
Th | 
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colours of, ii. 670 
Precipitation, i.53 

jars for, i. 11 
Pressure, influence on. boiling point 

und formation of vapour, 

i. 119, 131 

inflwence 6n affinity, i> 59 

Prince Rupert’s metal, ii. 111 
Printers’ types, ii. 18 
Proportions in ei bodies combine, 


abeaha definite, i. 43 
multiples of each other, i. 


in volumes of several 
compounds whose ele- 
ments are gaseous, ii. 
666 
Proto-chlorides, ii, 498 | 
Protowides, ii, A94 
Prussian blae, method of preparing, 
ii. 29 
Prussiate of iron, ii. 29 
lime, i. 594 
potassa, i. 533 
se acid obtained from vegetables, 
ii. 240 
mode of obtaining, i. A453 
Purple powder of Cassius, ii. 150 
Purpuricacia, ii,413 
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Pus, i ii. 458 ; 
Putrefaction resisted: by chnipent,,4 i. 
" 338 
retarded by carbonic 
acid, i. 353 
Pyrites, iron, ii. 34 , 
copper, ii, JIL — 
Pyroxylic spirit, ii. 273. 
Pyrmont water, ii. 677 - 
Pyro-acetic ether or spirit, ii. 377 
Pyrocitric acid, ii. 216 
Pyroligneous acid, ii. 272, 368 
the same with the 
acetic, ii. 272 
Pyromalic acid, ii, 225 
Pyrometer, i, 88 
Wedgwood’s, i. 628 
Pyromucous acid, ii, 263 
Pyrophorus, Homberg’s, i. 632 
Pyro-tartaric acid, ii, 234 


ok acid, ii. "A12 


Q. 


Quadr oxalate, of pobicka)& ii, 205 
Quantity, its influence on es i. 56 
Quartation, ii. 152 

Quercitron bark, ii. 282 
Quicksilver. See Mercury. t 
Quills, coagulated harnl de ii. nce 
Quinia, ii, 309 - * 
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R. 
Radiant heat, i. 81, 99 
Radishes, scrapings of, stain paper as 
a test, ii. 590. 
Rays, illuminating, i. 156 
deoxidizing, 1.158 
heating, i, 156 
Re-agents, ii. 51% * 
Reaigar, iti. 57 
Receiver, i. 6. 
- tubulated, i. 6 ~ 
quilled, nT 
Red-lead, ii. 114 
Reduction of metals, i. 493. 
Regulus of antimony, ii. 71 
Rennet, i ii. 446 
Resins, vegetable, ii. 251 
animal, ii. 401 
Respiration dinsinishes the bulk of air, 
297 
priodutied carbonic acid, i. 
B51 
function of; examined; ti ii, 
430 
Rete mucosum, ii, A85 
Retinasphaltum, it. 318 
Retoris, i. 6. 
coating for, i. 9, 10 
Reverberatory = is 


INDEX: 


x 
Revival of metals, i. 493 9” 
Rhatany, extract of, ii. 286: * 
Rheum palmatum contains oxalic acid, 
ii. 239 
Rheumic acid, ii. 242 
Rhodium, ii. 160 
alloys of, ii. 162 
oxides of, ii. 162 
analysis of ores of, ii. 584 
Rhubarb, active principle of, ii. 333 
Roasting of ores, ii. 585 
witty salt, ii, 232 
‘mode of ascertaining its 
purity, ii, 612 
Rosasic acid, ii. 415 . 
Rosin, ii. 951 
Rule, Gunter’s sliding, use of, i, 52, n. 
Rust of iron, ii. 21. 


9 
s. 


Saccharate of lead, ii. 200 
Saccho-lactates, ii, 417 
Saccho-lactic acid, ii, 417 
Safety-lamp, Sir H. Davy’s, i. 432 
Safflower, ii. 282 
Saffron, substance extracted by alco- 
hol from, ii. 189 
Sago, ii. 265 
Sal ammoniac. 
of. 
Sal prunelle, i. 539 
Salifiable base, 1. 490 
Salifying principle, i. 490 
Saliva, ii, 434 
properties of, ii. 494 
component parts of,” ii, 435 
Salt, common. See Soda, ‘mutiate of, 
of sorrel, ii, 205. See Oxalic 
Acid. 
petre. See Potassa, nitrate of. 
spiritof. See Murtatie Acid. 
Salts, definition of, i. 490 
division of, i. 490 
terminology of, i. 490 
incompatible, not so when dis- 
solved in a large quantity of 
water, ii. 545, 547 
analysis of, ii, 554 
solubility of, in water, ii. 654 
~~ jnalcohol, ii, 657 
insoluble, disunited by Galvan- 
ism, i. 173 
incompatible, ii. 545, 632 
neutral, i, 490 
Sandheat, i. 660 
furnace for distilling by, i,3 
Sarcocoll, ii. 331 
Saturation, i. 39 
Scale of equivalents, i. 52, note 
Scales of animals, ii. 485 


See Ammonia, muriaté 
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Scarlet, solution of tin used in dyeing, 
ii, 44, 282 
Scheéle’s green, ii. 52 
Seawater, ii, 550 
Sebacic acid, ii. 418 
Secretions, animal, ii, 433 
Sedative salt. See Boracie Acid. 
Sediment, lateritious, ii. 415 
Seidlitz waters, iiv 678 oe 
Seignette’s salt, ii, 232 
mode of ascertaining 
its purity, ii. 612 
Seleniates, i. 403 
Selenic acid, ii, 402 
Selenium, i. "401 
néw sources of, ij. 694. 
Seltzer water, ii. 677 
Selenureted hydrogen, i. 449 
Separator, i. 648 
Serosity, ii. 422 
Serum, ii. 422 
Sesqui-carbonate of ammonia, i.-417 
soda, i. 566 
Shells, ii. 482 
Silica, attempts to decompose, is 640 
method of obtaining, i, 642 
properties of, i. 643 
doubtful whether an alkali or 
an acid, i. 645 
affinities for other earths, i i, 645 
Silicated alkali, i. 644 
fluoric gas, ii. 646) “1. 
Silici-fluoric acid, i. 646 
Silicium, 1. 640 
Silk, sulphurous acid gas whitens and 
gives lustre to, i. 394 
properties of, ii. 487 
Silver, properties of, ii, 132 
_ tarnishing. of, ii. 142 
oxides of, ii, 133 
chloride of, ii, 1340 
sulphate of, ii) 136 
its use as a test, ii, 
530 
nitrate of, ii. 136 
' its use as a test, ii. 
530 


- mode ofascertaining 
its purity, ii. 617 
muriate of, ii. 139 
purification of, ii. 132, 143 
horn, ii. 134 
fulminating compounds of, ii. 
] . * 


phosphate of, ii. 139 

alloys of, ii. 142 

standard, ii. 142 | 

sulphuret of, ii, 142 

acetate of, ii, 377 

use of, as a test, ii. 530 

analysis of ores of, ii, 579 
Similor, iis 110 
Sinews, ii, 484 
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Skin, ii, 485 
Smalts, ii, 90 
Smells, destroyed by charcoal, i. 338 
Soap, ii. 244 
dissolved in alcohol, as a test, ii. 
540 
transparent, ii. 244 
acid, ii, 247 
found in minerals, ii. 573 
preparation of. See Potassa. 
- - o-properties of, i. 557 
. hydrated, i. 557 
table of the real quantity in so- 
lutions of different gravities, 
i. 558 
component parts of, i, 557 
never free from water, i, 558 
bi-carbonate of, i. 563 
carbonate of, i. 563 
its use as a test, ii. 
527 
mode of ascertain- 
ing its purity, 
ii, 608 
sesquicarbonate of, i. 566 
sulphate of, 1.570 
mode of ascertain- 
/ ing its purity, ii. 
609 
sulphite of, i. 569 
hydrosulphuret of, i. 568, 
nitrate of, i. 562 
muriate of, i. 559 
/ decomposed by ox- 
ides of lead, ii. 118 
mode of ascertaining 
its purity, ii, 610 
chlorate of, i, 561 
phosphate of, i. 567 
as a test, ii. 538 
borate of, i. 566 
mode of ascertaining 
its purity, ii, 613 
oxalate of, ii, 206 
iodate of, i. 562 
hydriodate, i. 562 
seleniate, i, 571 
ferrocyanate, i. 571 
bin-oxalate of, ii. 206 
citrate of, ii. 215 
acetate of, ii. 373 
tartrate of, ii. 232 . 
succinate of, as a test, ii, 537 
Sodium, i. 555 
mode of procuring, i, 555 
chloride of, i, 559 
iodide, i. 561 
properties of, i. 557. 
oxides of, i. 551 
sulphuret sik i, 561, 568 
phosphuret of, i. 561 
amalgam of, i, 561 


Soda 
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Soils, analysis of, ii. 625-- 
Solar phosphori, i. 160. 
Solders, ti. 46, 97 
Solids, expansion of, by heat, i, 82 
. table of, ii. 650° | 
absorb heat in becoming liquid, 
i. 84 © | 
melting points of, ii. 640 
possessing porosity, absorb 
gases, i. 141] 
point of volatilization of some, 
ii. 641 
specific heat of ne oer i. 150 
Solution defined, i, 30 
not always necessary to chee 
mical action, i, 30 
experimental illustrations of, 
iTS 
effects of very minute division 
of bodies, i. 73 
generally produces cold, i. 260 
heat sometimes evolved in, i. 
260 
Sorbic acid. ‘ See Malic Acid, 
Sorrel, salt of, ii. 205. See Owalic Acid. 
Soup, portable, ii, 381. 
Spa water, ii. 677 
Spar, calcareous, i. 587 
ponderous, i. 605 
Specific gravity. See Gravity, specific. 
caloric. See Caloric. 
Speculum metal, ii. 110 
Spectrum, solar, heat and light of, 1.156 
Speifs, ii. 169 
Spelére, ii. 14 
Sperm-oil, ii. 406 
Spermaceti, ii. 406 
Spirit, proof, ii. 341 
of wine, ii. 341 
pyroxylic, ii. 273 
Stalactites, i. 587 
Starch, a delicate test of iodine, i. 227 ; 
ii. 541 
converted into sugar in the 
process of malting, i ii. 259 
mode of obtaining, ii. 256 
- properties of, ii. 258 
method of converting it into. 
sugar, ii. 260 
analysis of, ti. 261 
ioduret and sub-ioduret of, ii. 
264 
See Vapour, Aqueous, under 
high pressure, latent heat 
of, i. 130 
does not scald, i. 131 
formed in strong glass tubes, 
. 4.181 
formed at the bottom of water 
is invisible, i. 115 
_ has the same temperature as 
boiling water, i. 114 


Steam. 


“ 
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Steam, latent heat of, i. 124, 134 - Succinate of ammonia, as a test, ii, 
specific gravity of, i, 126 537 
equal weights of, contain equal iron, ii. 255 
quantities of caloric, i. 129 soda, asa test, ii. 537 
applicable to the purpose of Succinates, ii. 255 
heating bodies, i. 135 Succinic acid, ii, 254 
force of, at different tempera- mode of ascertaining the | 
tures, ii, 643 purity of, ii. 606 
Stearin, ii. 408 - Sugar, ii. 195 
Steel, method of gilding, i ii. 151 preparation of, ij. 195 
a compound of iron and carbon, obtained from several Teper 
ii, 37 . bles, ii. 196. 
cast, ii. 37 from grapes, ii. 197 
new alloys of, ii. 37 from gelatine, ii. 382 
Stibic acid, ii. 75 equivalent of, ii, 201 
Stibious acid, ii. 74 properties of, ii. 198 , 
Still, common, i. 6 component parts of, ii. 200 
Stones, analysis of, ii. 556 substances resembling, ii. 201 
substances, that may beexpect- starch convertible into, ii. 260 
ed in, and means of separat- renders nitrous acid a solvent 
ing, it. 575 . of manganese, ii. 9 
Strontia, analysis of, 1, 609 | animal, ii. 403 
properties of, i. 609 of lead, ii, 120 
carbonate of, i. 611 , of milk, ii. 403 
sulphate of, i, 615 ~ Sulphate of alumina, i. 634 
hydrate of, i. 609 ammonia, i. 419 
hydrosulphuret of, i. 612 ammonia and magnesia, i, 
nitrate of, i. 611 . , 622 
muriate of, i. 610 baryta, i. 605 
chlorate of, i. 611 bismuth, ii, 95 
oxalate of, ii. 204 _ copper, ii. 104 
acetate of, ii. 375 iron, ii. 26 
Strontium, i. 624 lead, ii. 118 
chloride of, i. 610 lime, i. 593 
sulphuret of, i. 612 lithina, i. 5T4 
Strycheita, ii, 302 magnesia, i. 620 
Subborate of soda, i. 566 mercury, ii. 127 
Subcarbonate of ammonia, i. 417 potassa, i. 550 
lime, i. 562, 586 . silver, ii. 136 
magnesia, i. 619 r seda, i. 570 
potassa, 1. 607 strontia, i. 613 
soda, i. 563 tin, ii. 42 
Subchloride of lead, ii. 117 zine, ii. 16 
_ Suber, ii. 313 compound, of magnesia and 
Suberic acid, mode of obtaining, ii. soda, i. 622 
313 Sulphates, tests of, ii. 533 
properties of, ii, 313 Sulphite of ammonia, i. 419 
Sublimate, corrosive, ii. 126 baryta, i. 605 
Sublimation, i, 381 lime, i. 593 
Submuriate of copper, ii. 101 magnesia, i. 620 
gold, ii, 144 potassa, i, 550 
mercury, ii, 126 soda, i. 569 
Subnitrate of mercury, ii, 129 copper, ii. 104 
silver, ii. 136 iron, ii. 27 
copper, ii. 102 Sulphites, sulphureted, i. 398 
Subnitrite of lead, ii. 119 Sulphur, i. 380 
' Sub-silicated fiuoric acid, i. 646 compounds of, i. 381 
Sub-sulphate of copper, ii, 104 purity of, ii. 576 
‘iron, ii. 27 properties of, i. 382 
mercury, li, 127 preparation of, for taking 
tin, ii. 42 impressions, i. 38] 
Sub-sulphuret of mercury, ii. 131 combination of alcohol with, 


Sub-tannate of lead, ii, 289 i, 381 
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Sulphur, contains hydrogen, 1,383 
oxygen, i. 382 
combustion of,.i.383 
~ aleohol of, 5.465 
combination of chlorine withy 
i. 400 © 
Seth ln of, i. 463 
combination of metals with, 
ii. 501 
balsain of, ii. 245 
hydrogureted, i i. 446 
Sulphuret - potassium, i. 531 
sodium, i. 561 
Fey. calcium, i. 581 
carbon, i, 465°. 
-jodine, i, 401 
gold, ii. 15] 
silver, ii, 142 
selenium, i, 472 
mercury, ii. 131 
: palladium, ii. 164 
copper, ii. 109 
iron, ii. 34 
nickel, i ii. 1T4 
tin, ii, 44 
lead, ii, 121 _ 
zinc, ii, 19 
bismuth, ii. 96 
antimony, ii, 77 
arsenic, ii, 56 
_ cobalt, ii, 90, 
manganese, ii. 13 
molybdenum, i ii. 60 
Sulphurets, metallic, . 501 
table of the composition 
of several, i, 504 
hydrogureted, | i. 447 
_ Sulphureted hydrogen, 1.440 
combines with 
oxides, 1.507 
with metals, i. 
5OT 
test of lead, ii. 
599., 
test of arsenic, 
iis DSM G ty 


( “. gas, quantity of 


absorbed by 
' water, i. 255 
gas, modes of 
procuring, i. 


441 
properties of, 
i, 442 
gas, tests of, ii. 
543 


‘ sal phites, i i. 398. ., 
Sulphuric acid, i. 383 . 
component parts of, i. 
389 


purification of, i. 388 
decomposition of, i, 
391, | 


INDEX, 


geehats bet manufacture of; i. 396, 
of N ordhausen, i i. 390 
use of, as a test, ii. 
BA sitters: 


tests of, ii, 541, 
method of ascertaining 
_ the purity of, ii. 603 
glacial, 1,387 
real, quantity of, .in 
cr * ' «acid of different den> 
or diss bow oy, Sities, i, 386, ii, 667 
ether, ii. 353 
Sulphurized alcohol, i. 381 . 
Sulphurous acid, formation of, i, 392 
properties of, i, 393 
component parts of, 
1g897.- 
: anhydrous, 394 
convertible into sul- 
ies “he _ phuric acid, i, 395 
tests of, ii, 541 
Sulphur vivum, i. 380 
Sumach, it. 282 
Sun-beams, consist af three kinds of 
rays, i. 156 
Super-carbureted hydrogen, i. 424 
Super-oxalate of potassa, ii, 205 
soda, ii. 206, 
Super-sulpaate of mercury, ii. 127. 
potassa, i. 551 
Super-sulphuret of iron, ii. 34 
Super-sulphureted hydrogen, i, 446 


Super-tartrate of potassa, ii. 230 


mode of as- 
certaining its pu- 
rity, ii. 641 
Supporters of combustion, i, 206, 
220 4 
Surfaces, hiewor of, ii, 456 
Sweat, ii. 459 reness 
Sympathetic inks, See Inks. 
Synovia, ii. 459 : 
Synthesis, i. 40 


Tallow, ii. A07 . 4 
Tan, from galls, ii. 284 | sco? 
how obtained, ii. 285 
properties of, ii. 285 
analysis of, ii. 290. 
action on gelatine, ii. 583 
quantity afforded by different . 
barks, ii, 286 
artificial formation of, 290 
Tannate of iron, ii. 32 . 
lead, ii, 289 
Tannin, ii, 284 . 
Tanno-gelating, ii ii. 288 
Lantalum ‘the same with columbium, 
ii. 68, 698 
Tapioca, i ii. 265 ; 
Yar, mineral, ti, 816 A 


INDEX. | #29 


Tartar, cream of, ii, 230 ; 
emetic. See Antimony, tar- 
tarized 
soluble. See Potassa, tartrate 
of, 
vitriolated. See Potassa, sul- 
phate of. 
4artaric acid, mode of obtaining, ii. 
» » 227 
properties of, ii. 228 
may be converted into 
oxalic and acetic, ii, 


229 
analysis of, ii. 229 
combinations of, ii. 
230 


mode ofascertaining the 
purity of, ii. 606 

Tartrate of potassa, ii. 230 

mode of ascertain- 
ing its purity, ii. 
GLI 


and soda, ii. 232 
mode of 
ascertaining its 
purity, fi, 612 
Tears, ii, 455 
Teeth, ii, 481 
deltureie, | ii. L112 
Tellureted hydrogen gas, ii. 113 
Tellurium, ii. 112 
; acidifiable, ii, 112 
analysis of ores of, ii. 584 
compound of hydregen 
with, ii. 113 
alloy of potassium, with, i. 
113 


Temperature, change of, produced by 
chemical union, i, 41 
influence of, on chemical 
affinity, 1, 59 
what, i, 79 
method of ascertaining, 
i. 80 
change of, produced by 
solution, i. 260 
Tenacity of different metals, i. 479 
Tendons, ii. 484 
Terra japonica, ii. 286 
Tests, ii. 516 
Thermometer, i. 19, 89 
Breguet’s, i. 88 
Daniell’s, i. 88, 
Wollaston’s for mea- 
suring heights, i. 117 
its construction, i. 89 
its rise nearly in theratio 
of the increase of heat, 
1..96 ' 
rule for reducing gases 
to a given height of 
_the, i. 23 
air, i, 89 
differential, 1. 92 
VOL, IT, 


~ 


1 


Thermometers, various, correspondence 
between, ii. 638 
Theoracic duct, fluid in the, ii, 457 
Thorina, i. 635 
how prepared, i. 636 
properties of, i. 636 
in what respects it differs 
from other earths, i. 637 
identical with phosphate of 
yttria, ii. 695 
Tin, chlorides of, ii, 41 
precipitation of gold by, ii. 150 
muriate of, best test of platinum, 
ii. 15809 | 
properties of, ii. 39 
oxides of, ii, 40 
hydrates of, ii, 41 
amalgam of, ii, 46 
sul phate of, ii. 42 
subsul phate of, ii. 42 
nitrate of, ii. 42 
muriate of, ii, 43 
nitrosmuriate of, ii. 44 
acetate of, li. 44 
sulphuret of, ii, 44 
alloys of, ii. "AD 
action of arsenic acid on, ii. 55 
anal ysis of ores of, ii. 580 
Tincal, i, 566 
Tinning, wet, ii, J41 
Titanium, ii. 90, 701 
hew obtained, ii. 90 
properties of, ii. 91 
analysis of ores of, ii. 584 
Tobacco, peculiar principle of, ii. 329 
Tombac, ii. 110 
Train-oil, it. A035 
Treacle, ii, 195 
Tritoxides, i, 493 
Tube of safety, i. 8 
dropping, i. li 


‘Tulips, singular substance from the 


pollen of, ii. 330 
Tunbridge water, ii. 680 
Tungstate of lime, ii. 65 
Tungsten, mode of obtaining, i ii, 65 
characters of, ii. 66 
sulphuret of, ii, 67 
oxides of, Be 66, 696 
chlorides of, ii, 697 
analysis of ores of, ii, 584 
Tung gsitencid, mode of obtaining, 66, 
697 
“properties of, ii, 66 
Turbith mineral, ii. 127 
Turf, ii, 321 
Turmeric, as a dye, ii. 282 
paper and tineture, as tests, 
ii. 522 
Turpentine, oi) of ii. 249 
converted into a kind of 
camphor, ii.250 
table of the force of its 
vapour, ti. 646 


3B 


780 


Tutenag, ii. 110 
Types, metal, ii. 78 


U~. 
Ulin, ii, 325 
Uranium, ii, 79 
analysis of ores of, ii. 583 
Urates, i ii. 41) 
Urea, method of obtaining, ii. 397, 
AG3) 


properties of, ii. 397 
» alters the form ofseme muriates, 
ii. 400 
elements of, ii. 401 
Uric acid, ii. 410 
Urine, sugar found in, ii. 403 
gravel in, ii, 472 
calculi in, ii. 469 
lateritious sediment of, ii, 415 
properties, ii. 460 » 
analysis of, ii. 467 
salts of, ii, A462 
animal fluids in, ii. 464 
average composition of, ii. 467 
putrefaction of, ii. 468 
_.. changes of, in diseases, ii, 468 
i of different animals, ii. 469 


Vv. 


Vacuum, cooling of bodies in, i. 81 
boiling in, i. 117 
evaporation in, i. 129, 132 
Vapour, caloric the cause of, i. 113 
aqueous, in gases, corrections 
fori, :25~ "+5 

quantity and force of, same 
in air as in vacuo, i. 119 

influence of pressure on, i. 
120 

elasticity of, at different 
temperatures, i. 122 ‘ 

density is as its elasticity, i. 
122 

force of, in the atmosphere, 
i. 258 

table of its force, ii, 643 

Vapours, mixtures of with gases, ii. 

493 


formed under high pressures, 
131 
elastic force of, i. 120° « 
latent heat of, i. 123 
Varnishes, ii. 252 
Vauqueline. See Strychnia, 
Fegetable acids. See Acids. 
extract, ii. 188 
jelly, ii. 194 
substances, ii. 176 
Vegetables, growth of, affected by car- 
bonic acid, i. 353 
proximate principles of, ii. 
87 


INDEX... 


Veratria, ii. 307 as “Ee 
Verdegris, li. 106 ) 
mode of ascertaining the pu- 
rity of, ii. 618 
distilled, ii. 107 ~ 
Verditer, ii. 105 are 
Vermilion, ii. 131 
Vinegar, ii.366 ~~ « 
distilled. ‘See Aceious Acid. 
radical. See Acetic Acid. 
Vinous fermentation, ii. 335 
Violets, syrup of, as a test, ii. 520 
test of its genuine- 
ness, ii. 520 
pickle of, ii, 523 note 
Fitriol, blue. See Copper, sulphate of. 
green. See Iron, su!phate of. 
*- white. See Zinc, sulphate of. 
oil of, table of the quantity 
of, and of dry sulphuric 
acid in 100 parts by weight 
of diluted acid at different 
densities, ii. 667 
Folta’s eudiometer, i. 293 
pile, i, 167 
Volumes, theory of combination by,i i. 
50 


proportions in, of several 
compounds whose elements 
are gaseous, ii. 666 
W. 
Water, supposed not to conduct heat, 
i. 106 
is a slow conductor, i. 107 
quantity of coal required to 
evaporate, i. 125 
composition of, i. 246 
proportion of the elements of, 
i, 249 . 
analysis of, i. 252 
properties and effects of, i, 254 
contains air, i. 254. . 
quantities of gases absorbed 
by, i. 255 
contained in the atmosphere — 
in the driest weather, i. 256 
solidified in various solids, i, 
259 
change of temperature pro- 
duced by solution of bodies 
in, i. 260 
during solution gives out air, 
and has its bulk altered, i. 
261 
has its solvent power increased 
by diminishing the pressure, 
i. 261 
expands by cold, i. 262 
decomposed by galvanism, i. 
176 


apparatus for showing the 
composition of, i. 248 


INDEX. 


Water, apparatus for showing the 
decomposition of, i, 252 
danger of leaden vessels for, 
i, 117 
table of its expansion by heat, 
ii. 622 
solubility of salts in, ii. 648 
sea, analysis, ii. 550 
Waters, mineral, See Mineral Waters, 
Wazs, ii. 292 
Weights, English, ii. 627 
reduced to French, 
629 
German, ii. 628 © 
Dutch, ii. 628 
Swedish, ii. 628 
old French, ii. 629 
modern French, ii. 634 
atomic, table of, ii, 661 
Welding, ii. 154, note 
Welther’s tube of safety, i. 8 
PW heat, ii. 261 
Whey, ii.449 — 
W hite-lead, ii. 120 
mode of ascertaining its 
purity, ii.618 . 
Wind-furnace, i. 2, 659 
Wine, tests of the presence of lead in, 
, ii. 602 
oil of, ii. 354 
table of quantities of alcohol in 
various sorts of, ii, 338 
Wires, tenacity of, i. 479 ‘ 
Wolfram, ii. 65 
Wood, quantity of charcoal afforded 
by different kinds of, i. 336 
Woody fibre, ii. 271 
Wool, ii, 4ST 
W oulf’s apparatus, i. 7 


p. 
Xanthic oxide, ii. AT7 
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Xanthogen, i. 469 
» a 


Yellow, mineral, or patent, ii. 118 
dyes, ii, 282 
Yttria, i. 625 
method of obtaining, i. 625 
its properties, i, 626 
precipitated by prussiates, ii. 
536 


Zaffre, ii. 90 
Zero, absolute, i. 86 
Zimome, ii. 267 
Zinc, ii. 14 
alloys of, ii. 20 
purification of, ii. 14 
chloride of, ii. 15 
oxide of, ii. 14 ; modes of ascer- 
taining the purity of, ii, 618 
gene i of, in hydrogen gas, ii. 
1 
sulphate of, ii. 16 
nitrate of, ii. 17 
. muriate of, ii. 17 
oxidized and dissolved by alka- 
lis, ii. 19 
sulphuret of, ii. 19 
phosphuret of, ii. 19 
analysis of ores of, ii. 581 
Zirconia, method of obtaining, i. 638 ; 
ii. 695 
its properties, i. 639 
Zirconium, i. 637 ; ii. 695 
Zoonic acid, ii. 419 
Zumic acid, ii. 241 
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